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I.— The Influence of an Excessive Meat Diet on the Osseous 
SystenL By Ohahners Watson, M.D. {From the Physiological 
Laboratory of Edinburgh University,) Communicateii by Professor 
ScHAFER, F.R.S. (With Four Plates.) 

(MS. received November 20, 1906. Read December 3, 1906.) 

In a communication given to this Society in December 1905, 1 described 
the clinical results obtained in an experimental investigation on the in- 
fluence of an excessive meat diet on the growth and nutrition of rats. 
It was there shown that the progeny of meat-fed rats are usually poorly 
developed and show a high mortality in early life. The present record 
comprises an account of the naked-eye and microscopic appearances 
observed in the osseous system of these meat-fed subjepts. The material 
eufvployed consisted in the young of mothers fed for some weeks or months 
prior to pregnancy, and during pregnancy and lactation, on a diet of ox- 
flesh, the animals, after weaning, being continued on the meat rigiine, an 
equal number of controls being taken from the young of rats fed on an 
exclusively bread-and-skim-milk diet. Both diets were given in unrestricted 
amount, and with the meat diet water was given ad libitum. Over a 
hundred meat-fed rats were utilised for the investigations, their ages 
ranging from one day to three months, the majority being under three 
weeks old at the time of death. A record was made of the naked-eye 
appearances of the skeleton, special attention being directed to the con- 
sistence as well as to the general appearance of. the long bones, ribs, and 
flat bones. The tissues were fixed in formalin (5 per cent.), decalcified in 
weak nitric acid solution, and stained in the ordinary manner with hsema- 
toxylin and eosin. Sections were made through the anterior part of the 
cranium so as to demonstrate the conditions present in the frontal, malar, 
and maxillary bones, while, in the case of rats set. one day, three weeks, and 
two months respectively, sections were also made of the tibia, humerus, and 
ribs. Similarly prepared sections from control animals were, for comparison, 
mounted on the same slide. 

Macroscopic Appearances. 

The macroscopic conditions noted in the bones of the meat-fed rats vary 
according to the age of the animals, but show throughout, in a more or less 
marked degree, the same general characteristics. The most striking feature 
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is the marked general softness of the whole osseous system, this condition 
being present in every meat-fed subject. The long bones of the flesh-fed 
rats are distinctly softer and more pliable than those of the bread-and-milk- 
f ed animals ; a similar condition is observed in the ribs, short bones, and 
cranial bones of the meat-fed rats. This soft condition is present in the 
bones at birth, and becomes accentuated as age advances. A second 
striking appearance in the meat-fed animals is the darker colour of the 
long bones, more especially of the ribs, this being due to increased 
vascularity. This condition is present, in a greater or less degree, in all 
the meat-fed subjects which died or were killed after the second week of 
life. In some cases nothing further was observed in the bones of the flesh- 
fed rats killed even as late as three months after birth, but in the majority 
of cases a third feature shows itself. During the second month various 
curvatures of the spine and long bones occur. These consist in marked 
scoliosis and lordosis, with bending of the ribs at their angles, while curving 
of the bones of the limbs is present in a less degree. This condition of the 
bones is usually associated with an enlargement of the costo-chondral 
junction. In a small percentage of cases (about 15 per cent.) an additional 
feature is the presence of small white nodules in the bony ribs, these 
nodules standing out as pale bead-like prominences in the substance of the 
dark bone of the rib. On section these nodules are composed chiefly of 
cartilage (see flg. 7). In the more pronounced cases the skeletal changes 
generally are similar to those seen in advanced cases of rickets in the 
human subject. Microscopically, however, this similarity is not borne out. 

Microscopic Appearances. 

Owing to the uniformity of the bony changes throughout the whole 
series of meat-fed animals, it was unnecessary to make a histological 
examination of each subject. Sections were accordingly made from forty 
out of the hundred meat-fed rats and from an equal number of control 
bread-and-milk-fed animals. In this examination special attention was 
directed to the following points: — 

(a) LoTig hoTiea, — The state of their development, by intra-membranous 

and intra-cartilaginous ossification. 

(b) The histological appearances of the cranial hones, 

(c) Riha, — The minute structure of the nodules present in the bony ribs. 

(a) LoTig Bones, — The ossification of the long bones of meat-fed rats is 
delayed and imperfect, the defect involving both the endochondral and 
periosteal bone formation. The epiphyses are for the most part normal ; 
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in some instances there is a slight irregularity in the size and arrangement 
of the cartilage cells at the bone-forming margin. The minute structure of 
the epiphyses of the long bones may be normal, even in animals in which 
pronounced rachitic-like changes are present in the skeleton. The bone 
marrow of the meat-fed rats aet. six weeks and onwards shows, in some 
subjects, a great excess of fat. 

(6) Cranial Bones. — In the meat-fed rats, ossification, both intra-mem- 
branous and intra-cartilaginous, is less advanced than in the control 
animals, the bony trabeculse in the former being less numerous and enclos- 
ing a marrow excessively rich in red blood corpuscles. While intra- 
membranous and intra-cartilaginous ossification are both affected, the defect 
is in some cases more pronounced in the periosteal bone-formation. 

There is a striking difference in the degree of development of the 
frontal, malar, and maxillary bones in the bones of the meat-fed animals 
at birth, the contrast becoming accentuated as age advances. The bones 
of the jaws in the meat-fed subjects are of a different shape from the 
controls, the former being wider and more square-shaped. This condition 
is associated with an extreme thinness of the bones and a great increase in 
the number of cells — red blood corpuscles and leucocytes — in the medullary 
cavity in the meat-fed rats (see figs. 1 and 2). In a very few animals set. 
three weeks, the difference between the development of the bones in meat-fed 
and bread-and-milk-fed animals is very slight. The average state of bone 
development in the two series is further illustrated in figs. 4 and 6 for 
animals set. three weeks and three months. The bony trabeculse in the 
^ meat-fed rats are extremely thin, and the medullary spaces show a 

great increase in the number of thin-walled vessels, which are distended 
with red blood corpuscles. This increase in the number of red blood cor- 
puscles in the medulla of meat-fed rats is, in the great majority of subjects, 
a very striking feature (see fig. 2). 

(c) The Structure of the White Nodules in the Bony Ribs. — These 
nodules present a striking histological picture. They are composed mainly 
of cartilage cells, which are derived f ronf the periosteum ; at the periphery 
of these nodules the nodules are undergoing trannformation into bones (see 
fig. 7). It is of interest to note that I have recently observed a similar 
histological appearance in the bones of an infant aet. fifteen months, whose 
mother — a tuberculous subject — was fed during gestation, and for some 
time prior to it, on a diet containing a great excess of meat (see fig. 8). 

To sum up : — The results show that the bones of animals fed on an 
excessive meat diet present an appearance of delayed and imperfect 
ossification, with increased vascularity, and an increase in the number of 
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Fig, 1,— The Mwruwof a Hut tet. three wseks, umreaned. 

iMotlier fed ON a bread-nnd-milk diet. ( x 200.) 

Note Ihe leucoblastic tj^ue of maiTow, the white, blood (:or|iuBctes 

being in excess of the red blood oorj.iiscles. C/. fig. 2. 



Flc. 2. —The Marrow of a Rot at. three weeds, unwearied. 

Mother fed on nn o^-fleah diet, ( x BOO.) 

Note the erythi-oblastic type of marrow, the red blood corjiuacles 

being more numeroua than the leucocytes. Cf. fig. 1. 
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red blood corpuscles. Associated with this there is, in a number of cases, 
the presence in the bony ribs of nodules of cartilage, developed from the 
periosteum, with direct transformation of these cartilage cells into bone. 
It is noteworthy that, while the naked-eye appearances of the skeleton 
may closely simulate those present in advanced cases of rickets in the 
human subject, the microscopic appearances in the epiphysial junctions of 
long bones of meat-fed rats are quite distinct from those present in that 
disease. 

I have pleasure in expressing my indebtedness to Dr Dingwall Fordyce 
for much assistance in this investigation.* 

* The expenses of this research were defrayed by grants from the Moray Fund of the 
University, and from the Carnegie Trust. 



(Is9tied separately February 11, 1907.) 
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II.— The Effect of a Meat Diet on Fertility and Lactation. By 
B. P. Watson, M.D., F.R.C.S.E. {From the Physiological 
Laboratory, University of Edinburgh,) Com'tnunicated by Pro- 
fessor ScHAFER, F.R.S. (With a Plate.) 

(MS. received November 21, 1906. Read December 3, 1906.) 

In a paper on " The Influence of Diet on Growth and Nutrition," in the 
Journal of Physiology (vol. xxxiv., p. iii), Dr Chalmers Watson showed 
that in rats a diet of ox-flesh begun when the animals were weaned inter- 
fered with the development of pregnancy, none of the four flesh-fed 
animals having young, whereas the control animals from the same litter 
all became pregnant. On the other hand, it is stated of three families fed 
on horse-flesh from the age of 2| months approximately, that all became 
pregnant, from which he concludes that " the use of this diet in animals of 
this age appears not to affect the supervention of pregnancy." 

It was further found in the case of the meat-fed animals which became 
pregnant and suckled their young that the mammary tissue was less 
developed than in the control bread-and-milk-fed rats. 

At Dr Chalmers Watson's suggestion I have extended these observa- 
tions, and with a larger amount of material at my disposal am able to 
amplify his statements, and as regards the question of fertility slightly to 
modify them. 

The method of conducting the investigation was as follows: — Twelve 
female rats and several males were put on a bread-and-milk diet, and the 
females were continued on this throughout pregnancy and lactation. These 
served as the controls. Seventeen females and five males were put upon 
an ox-flesh diet, but were otherwise under exactly the same conditions as 
the bread-and-milk animals. The animals were begun on the meat diet at 
various ages, from the second up to the fourth month, and some of them 
were kept on the diet for as long as five months. 

1. Effect of a Meat Diet on Fertility. — Of the 17 animals fed upon a 
meat diet only 8 became pregnant, and of these 4 bore young within 21 
days — the usual gestation period in the rat — of being put on the diet, so 
that only 4 actually conceived while on the diet. Of these latter one had 
been 24, one 25, one 27, and one 30 days on an exclusive ox-flesh regimen. 

The other 9 animals, although kept for several months, did not conceive, 
and this in spite of the fact that they were seen to copulate freely right 
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up to the end of the experiment. This reservation must, however, be made, 
that one of these 9 animals probably had young which were eaten, and it 
is just possible that this happened in other cases. It is not at all probable, 
however, as the animals were frequently carefully examined, and if there 
was any indication of their being pregnant, were at once transferred to 
separate cages. 

Of the 12 animals fed on a bread-and-milk diet, all became pregnant 
and had young, so that we may conclude that a meat diet is decidedly 
prejudicial to the occurrence of pregnancy in rats when the diet is begun 
when the animals are from 2 to 4 months old. 

In order to determine whether the fault resided in both sexes or in only 
one, a fresh male which had been fed on bread-and-milk was put beside the 
sterile females which had been on meat for several months. When the 
animals were killed, some time after, one of them was found to be in an 
early stage of pregnancy, and must have been impregnated by the bread- 
and-milk male. 

This would appear to indicate that the cause of the sterility is partly 
due to the male, but we have not had suflScient material to form any more 
definite conclusion regarding this. 

2. Effect of a Meat Diet on Lactation. — For this part of the investiga- 
tion the same animals were used, viz., the 12 controls fed on bread-and- 
milk and the 8 meat-fed animals which became pregnant. The point 
specially attended to was the weight of the mammary tissue of the animals 
killed after suckling their young for varying periods. 

In the nursing rat the mammary tissue forms a continuous sheet spread 
under the skin of the abdomen on each side of the middle line. In addition 
there are extensions of it into the axillae, up along the neck and into the 
groins, while in some cases it spreads out so much laterally as almost to 
reach the back. The nipples are in a double row extending from thorax to 
the groins. 

The animals were killed at different periods during lactation. The 
weight of the mother and the number and weight of the young at the time 
of death were ascertained. The skin and subcutaneous tissue of the 
mother's abdomen was immediately removed down to the muscle, care 
being taken that no mammary tissue was left behind in the axillse or in 
the groins. The skin was put into 5 per cent, formalin for a few days, 
when it was quite easy to separate the mammary tissue from the skin on 
one hand and from the areolar tissue on the other (see fig.). If an attempt 
were made to strip the mammaa before first fixing in formalin, it was found 
that a great deal of milk was squeezed out. The immersion in formalin 
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prevented this, although it extracted a small quantity of milk, as shown by 
its cloudy appearance at the end of twelve hours. It is to be underatood, 
then, that the mammae were weighed out of formalin. 

The basis of comparison between the meat- and the bread-and-milk- 
fed rats is the percentage weight of the mammary tissue to that of the 
mother. 

By a reference to the tables below it will be seen that there are 
wide individual variations in this percentage among the bread-and-milk 
animals. 

Table giving the Lactation History of Eight Rats fed on an 

EXCLUSIVE Ox-Flesh DisTARr. 



No. of days 

on meat 

before 

parturition. 



30 
9 
27 
25 
12 
15 
21 
24 



Weight of 

animal at 

death. 



Weight of 
mammae. 



grms. 
180 

140 

230 

150 

115 

130 

110 

140 



f^rmB. 
13 

8-5 

19-5 

13 

10-5 

12 

101 

11-6 



Per cent. 



Time in 

lactation 

when killed. 



7-2 

6 

8-4 

8-6 

91 

9-2 

9-1 

8-2 



Ist day 

let day 

Ist day 

7th day 

20th day 

2l8t day 

2l8t day 

22nd day 



Number 
of young. 


Weight 
of young. 


10 


grms. 
50 


10 


49 


• • • 

5 


• ■ » 

48 


6 


120 


7 


185 


6 


110 


4 


82 



Average percentage =8*2. 



This is explained by the different times during the course of lactation 
at which the animals were killed, and also by the varjdng numbers of 
young which they suckled. Thus there is a fairly uniform rise in the 
percentage from the first up to the twenty-first day, after which there is 
again a fall ; and taking animals killed at the same lactation period, the 
percentage is higher in those which nursed the larger number of young. 

We may therefore take it that the mammary gland in the rat is most 
actively functioning about the twenty-first day of lactation, and after this, 
as the young begin to feed themselves, it imdergoes atrophy. 

It will be seen that the average percentage weight of the mammae of all 
the bread-and-milk animals is 9 6, while that of the meat-fed ones is only 
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8:2. This difference would in all probability have been greater but for the 
fact that the average number of young suckled by the bread-and-milk 
animals was only 4*6, while that of the meat-fed animals was 6*3. 

As before stated, the longest period before the birth of the young 
during which the mother had been on a meat diet was thirty days. Taking 
this into consideration, the difference is sufficiently marked to point to the 
conclusion that the result of a meat diet is to diminish the amount of 
mammary tissue in nursing mothers. 



Table giving the Lactation History of Twelve Rats fed on an 

EXGLUBIVB BrEAD-AND-MiLK DiBTART. 



1 

Weight of 

animal at 

death. 


Weight of 
mammsB. 


Per cent. 


Time during 

lactation 
when killed. 


Number of 
young. 


Weight of 
young. 


grms. 
147 


grms. 
12-5 


8 


1st day 


• 
7 


grms. 
32 


140 


10 


7-1 


3rd day 


7 


45 


180 


18 


10 


6th day 


7 


70 


225 


18-5 


8-2 


10th day 


7 


115 


120 


17 


14-1 


2l8t day 


5 


160 


140 


19 


13-5 


2lBt day 


7 


220 


115 


7-6 


6-5 


2l8t day 


3 


120 


130 


11-5 


8-8 


22nd day 


4 


100 


160 


19 


11-2 


25th day 


7 


145 1 


160 


15 


9-3 


30th day 


6 


176 





13 


10 


... 


6 


• • • 


150 


13-5 


9 


27th day 


■ • • 


• « • 



Average percentage =9*6. 

The effect of this relatively poor mammary development on the young 
of the meat-fed rats is shown by a comparison of their weights with those 
of the young of the control animals towards the end of the lactation period. 
Thus the average weight of each of the young of the meat rats at the 
twentieth to the twenty-first day is 21*6 grms., in contrast to 29*4 grms., 
the average * weight of each of the bread-and-milk young. It is thus 
evident that the young of the animals fed on meat suffer in general 
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nutrition and growth, an compared with those whose mothers are on a 
bread-and-milk diet. 

Whether thiH is due to a mere deficiency in the amount of milk avail- 
able for their use, or to some alteration in its constituents, has not been 
determined, but the probability is that the former plays a large part. 

On microscopic examination there are no marked differences in the 
histological characters of the mammary tissues. The character of the 
glandular tissue varies according as the acini are full of secretion or empty, 
and while the mammae of the meat-fed animals show a preponderance of 
closely packed empty lobules, this may only be due to the fact that the 
mothers had been killed shortly after the gland had been emptied by 
suckling. 

Conclusions. 

1, That a meat diet is prejudicial to the occurrence of pregnancy in 
rats. 

2. That in rats fed on a meat diet the mammary development of 
nursing mothers is less than in rats fed on bread-and-milk.* 

* The expenBes of this investigation were defrayed by grants from the Moray Fund of 
the University, and from the Carnegie Trust. 



(Isstntd separately February 11, 1907.) 
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III. — The Effects of Diet on the Develot>ment aad Structure of 
the Uterus. By Malcolm Campbell, M.B., Ch.B., F.R.C.S. Edin. 
(From the Physiological Departmenty University of Edinbv/rgh.) 
Communicated by Professor Schafer, F.R.S. (With Four Plates.) 

(MS. received November 27, 1906. Read December 3, 1906.) 

The investigation was undertaken to discover what changes, if any, were 
produced in the development and structure of the uterus by various diets. 

The animals employed in the research were rats. The uteri of 86 animals 
were examined, both macroscopically and microscopically. The tissue for 
microscopic examination was removed in all cases from, as nearly as possible, 
the same area, viz., the junction of the distal and middle thirds of the uterus. 

Eight wild rats, in various stages of development, from the immature 
to the adult animal, were examined in order to form an opinion as to 
the structure of the uterus in animals living, presumably, under natural 
conditions. 

The remaining animals were divided into five series, viz. : — 

(<x) A series of 13 animals fed from weaning, for periods of from 
9 to 14 weeks, oh an exclusively milk diet. In one section of this 
series plain milk was used ; in another. Pasteurised milk ; in the third, 
sterilised milk. 

(6) A series of 27 animals fed for periods of from 21 days to 9 months 
on bread soaked in milk. 

(c) A series of 11 animals fed for periods of from 4 to 14 weeks on a 
rice diet. 

(d) A series of 5 animals fed for varying periods on a diet of porridge 
or oats. 

(e) A series of 22 animals fed for periods of from 21 days to 8 months 
on a raw meat diet. 

In the cases of the raw meat and rice diets, some animals were put on 
the diet as soon as weaned, others after they had reached various stages of 
development. 

The uterus of the adult wild rat is lined by columnar epithelium. 
There are glands lined by epithelium which varies from low cubical to 
columnar in type. The mucous coat is bounded externally by a muscular 
coat. 
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In'the mucous layer three varieties of cells are found : 

(1) A cell with a large round or oval, relatively faintly staining nucleus. 
This appears to be a young connective tissue type of cell. 

(2) A cell with a small, round, darkly staining nucleus, comparable to a 
lymphoid cell. 

(3) A cell with an elongated, very darkly staining nucleus, similar to 
cells in fibrous tissue. 

In the wild rat the large cells are most numerous (fig. 5). The cells of 
the other types are few in number, and are found only in that part of the 
mucosa near the muscular coat. 

From the examination of this series of 86 animals, it is evident that 
in animals of the same age, and approximately of the same weight, Uving 
under similar conditions, the uteri may vary, within a limited range, in 
size and development. The muscular coat is i-elatively uniform ; the 
mucosa shows the greatest variations. While in most cases the epithelium 
lining the cavity is columnar, in some it is cubical. There are also found 
marked variations as to the position of the nucleus, and also as to its 
staining capacity. 

The animals fed in groups (1) and (2), on milk, and bread soaked in 
milk, approximate most nearly to the type of structure seen in the wild 
rat. The only difference is that the cells are not quite as large as in the 
wild rat (compai-e fig. 5 with fig. 6). In the other groups, fed on what we 
may term " abnormal diets," viz., rice, porridge or oats, or raw meat, there 
is found a relatively constant dep<irture from the normal. The type of 
change is common to all abnormal diets ; its severity varies. 

The severity of the changes induced are found to be in proportion to 
the ages of the animals at the time when the abnormal diet was begun. 
The changes are most marked in the animals put on the diet at weaning, 
they are less marked the more mature the animals at the time of the 
commencement of the abnormal diet. In a fully-developed animal any 
abnormal diet may fail to materially change either the size or structure of 
the uterua 

In regard to the development of the uterus, an abnormal diet appears 

to arrest its growth (compare figs. 1 and 2, also figs. 3 and 4). This 

arrest of development is most marked in animals fed from weaning on 

1, but is also very well seen in animals fed on rice or on porridge 

regard to structure, all the abnormal diets lead to a diminution of 
mber of the large connective tissue type of cells and a relative 
e in the small cells. 
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This change, which may be described as a fibrosis (compare fig. 7 with 
figs. 5 and 6), was most marked in animals fed from weaning on an ox- 
flesh diet, for periods of from four to five months ; in this group of animals 
none became pregnant, while controls from the same litters, fed on bread 
and milk, all had young. 

From these observations it seems justifiable to state : 

(1) The use of a non-physiological diet, e.g. exclusive flesh, rice, or 
porridge, induces, in the great majority of cases, a modification in the 
structure of the uterine mucous membrane. This modification consists in 
a diminution in the number of the large connective tissue type of cells, 
which appear to be important constituents in a physiologically active 
mucosa. 

(2) The structural change is most profound in animals fed from 
weaning on an exclusively flesh diet. In such animals the development of 
the uterus is also most interfered with. 

(3) The structural change in (2) is associated with sterility.* 

* The expenses of this research were in part defrayed by a grant from the Carnegie 
Trust. 



{Issued separately February 11, 1907.) 
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IV. — The Temperature of the Presh-water Lochs of Scotland, 
with special reference to Loch Ness. By E. M. Wedder- 
bum, M.A. Communicated by Sir John Murray, K.C.B. 

(Read May 28, 1906. MS. received Febniary 5, 1907.) 

(Abstract) 

The communication of which this is an abstract has been published in the 
Society's Transactions (Vol. XLV. Part II. No. 16), with an appendix 
containing observations made in Loch Ness by members of the Scottish 
Lake Survey and of the Order of Saint Benedict at Fort Augustus. 

Numerous temperature observations have been made in the lochs which 
have been surveyed by the Scottish Lake Survey, and these observations 
are published in the Lake Survey Reports appearing in the Geographical 
Joumxd. A great number of observations were made in Loch Ness between 
July 1903 and May 1905. Generalising from these observations, it appears 
that, under conditions similar to those which exist in Loch Ness, a loch 
gains heat gradually throughout its whole depth until July or August. 
In August or September it begins to lose heat. There appears at the 
surface a gradually increasing layer of water of uniform temperature, and 
while the surface temperature decreases, the total quantity of heat in the 
loch may for a time increase, owing to various mixing influences heating 
the waters at considerable depths. This layer of water of uniform tem- 
perature, while decreasing in temperature increases in depth, and at the 
time when the quantity of heat in the loch is least, the temperature of 
the loch is nearly uniform throughout. 

When this surface layer becomes distinct, i.e. when the Sprungschicht 
appears, the temperature seiche described by Mr Watson * becomes evident. 
The observations now available confirm Mr Watson s general conclusions. 
Observations made at the two ends of Loch Ness show opposition between 
the phases of the seiche, and a binodal seiche is also apparent. The observed 
value for these temperature seiches agrees well with values arrived at by 
rough calculations. Records obtained by the Callendar Electrical Recorder 
also support strongly the theory of the temperature seiche. 

Rough calculations of the amount of heat which Loch Ness gains during 

* OeographiccU Joumalf October 1904. 
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the year give 1*9 X 10^® gram calories. Dr Knott states the total quantity 
of heat supplied as about 7*2 x 10^^ gram calories, or about four times the 
quantity of heat which is actually stored up. 

It was not found possible to measure directly radiation into or out of the 
loch. The temperature observations at the surface, and in the neighbour- 
hood of the SprTiTigschichtf show the presence of convection currents, and 
these currents are a very large factor in the heating and cooling of a loch. 



(Isstied separately April 4, 1907.) 
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v.— Note on the Change produced in the Conductivity and 
Density of Lead Wires by Permanent Stretching. By James 
A. Donaldson and Robert Wilson, Natural Philosophy Labora- 
tory, Edinburgh University. Communicated by Professor J. G. 
MaoGregor. 

(MS. received February 22, 1907. Read March 4, 1907.) 

The wires used were of good commercial lead and well drawn. 

The special difficulty in experimenting with lead is due to its softness, 
involving initial lack of uniformity in section, which is increased on 
stretching. That the variability of the section of the wire might be 
allowed for in the computation of specific resistance, etc., the diameter 
was measured at the ends, at two points respectively one inch from each 
end, and at eight other points dividing the rest of the length of the 
wire into equal parts. The ends of the wire were soldered into copper 
pieces to prevent serious thinning near the ends when it was stretched. 

The diameter was measured by means of a screw gauge, made by 
Elliot, which reads to '0001 inch. 

In computing the specific resistance two methods were used, both of 
which require that the lack of uniformity between the points of measure- 
ment of the diameter be small. In the first method we considered the 
parts of the wire between the successive points of measurement as forming 

truncated cones, and thus got R = -^ 2— ^ , where R is the total resistance 

of the wire, p is the specific resistance, and i^ is the length and r^ and r^ 
the radii of the ends, of one of the cones. In the other method we made 
a graph for length along wire against diameter, and thus determined the 

mean diameter, which we used in the formula R = ^- , where I is whole 

length of wire and r is mean radius. 

The arrangement of the apparatus and the method of hanging the wires 
was as follows : — The copper piece, into which the upper end of the lead 
wire was soldered, was clamped to a block of copper containing a mercury 
cup. This block of copper, again, was fixed into a block of wood, which 
was sunk into the wall of the room. To the lower end of the wire to be 
stretched was attached a copper rod, with a disc for weights. This rod 
passed through the disc and dipped into a mercury cup, fixed on a screw 
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jack which could be adjusted to the required height. In order to prevent 
jerking, the first weights, which were made of brass and contained a slot 
for the copper rod, were put on while the disc rested on the screw jack ; the 
last one or two were put on after stretching had begun, and were carefully 
adjusted by hand. By previous tests we knew how many weights were 
required to produce any considerable stretch. After the removal of the 
weights, the wire was always allowed to hang freely for several hours 
before any measurements were made. 

The instruments used to determine the resistance of the wire were a 
Carey Foster Bridge by Nalder (N.C.S. pattern) and a Nalder's Four Coil 
Astatic Galvanometer of Kelvin type (N.C.S. pattern), which was provided 
with a " scissors " magnet control. The bridge wires were detachable, and 
of different resistances, vaiying from very thin to about J inch in thickness. 
In the experiments, the resistances forming the arms of the bridge were 
the lead wire that was stretched, and a second lead wire of the same 
diameter and length approximately. The wires hung close together, and 
the second wire carried no weights. From the mercury cups with which 
the ends of the lead wires were in contact, thick insulated copper cables, 
of the same lengths and diameters, led to the bridge. 

Several of the detachable bridge wires were used, and these were 
calibrated by Strouhal and Bams' method. The bridge wire was divided 
into parts of equal resistance by comparing a length on the bridge wire 
with the same one of several approximately equal resistances, joined in 
series by mercury cups, this resistance being moved forward one place after 
each determination. Then, by a graph, we computed the relative resist- 
ances of any two lengths on the bridge wire. We then determined the 
absolute resistance of the bridge wire between two points, one near each 
end, and, from the graph, got the resistance of the part between any two 
points lying in this interval. In making the absolute determination, one 
arm of the bridge was a thick copper piece of negligible resistance, and the 
other arm was, first, a definite resistance, and, secondly, this definite 
resistance in parallel with a standard ohm. 

The resistance of the unstretched wire was measured on one of the 

Carey Foster wires before the other lead wire was stretched, and also 

between the stretches. The difference of the resistances of the two lead 

wires was measured after each stretch, and the whole resistance of the 

wire under investigation determined. By this means we insured that 

the change in specific resistance, if any, should be due to the stretching. 

The wires were hung in a long cupboard to prevent temperature changes, and 

the whole of the apparatus guarded from air currents by means of screens. 
VOL. xxvii. 2 
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The length of the lead wire under investigation was measured by 
means of a steel scale stretched vertically beside the wire before any 
permanent stretch had been made. For some time previously a small 
weight was allowed to hang on the wire in order to remove any bends. 
The measurement of the increase of length after stretching was made by 
means of a cathetometer, there being a plate-glass window in front of the 
cupboard to admit of this reading. 

As precision measure for the different readings, we took the maximum 
deviation from the mean, divided by the square root of the number of 
readings. In the case of the cross-section this corresponds to about 3 in 
1600, in the total resistance to 1 in 1000, and in the length to 1 in 2000. 
That component of the error in the specific resistance, due to the error in 
the length, we fomid to be negligible. 

Considerable difficulty was experienced in obtaining good results, owing 
mainly to the lack of uniformity in some of the wires when stretched. At 
first also we did not make so many readings of the diameter along the 
wire, and the error in the section due to this was large. 

The results for the stretching of the wire which we considered most 
reliable are given in the following table. The first three columns give the 
length, cross-section, and totsl resistance of the lead wire, and the fourth 
column gives the specific resistance as computed from these values. 

Length in Cms. Section in Sq. Cms. Resistance in Ohms. Sp. Res. 



196-2 


-01688 


-2207 


18-99 xlO-« 


204-4 


-01622 


•2395 


19-01 X 10-« 


213-4 


-01556 


-2592 


18-93x10-' 


221-4 


-01493 


-2812 


18-96 X 10-« 



The precision measure of the specific resistance, computed from the 
precision measures of the length, cross-section, and total resistance, is equal 
to '04x10"^. The above values of the specific resistance show no change 
greater than can be accounted for by the errors in the section and total 
resistance. 

Tomlinson * has studied permanent change of specific resistance produced 
by stretching. He determined the value of the section by finding the 
specific gravity at the beginning and end, and assuming the change of 
section at intermediate stages to be proportional to increase of length. 

The percentage increase of specific resistance per unit of percentage 
increase of length of wire is, for lead, by the above results, not greater 
than ± 017. 

♦ Phil Trans., 174, 1, 1883. 
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Tomlinson gives the following corresponding values : — 

Silver from 0094 to 0262 

Copper „ 063 to 013 
Iron (one specimen) „ 034 to 041 
Iron (another „ ) „ - -0183 to - 0091 
Nickel „- 2-366 to +509 

He did not study lead. 

Gray* determined the corresponding changes in the weight specific 
resistance, i.e. resistance of unit length of wire of unit weight, and gave 
the following results : — 



Copper 


•6 to -6 


Iron 


•7 to -8 


German Silver 


•50 to -55 



Compared with most of these results, the above determination would 
seem to show that the change, if any, in the specific resistance of lead, due 
to permanent stretching, is small as compared with the similar changes in 
copper, nickel, iron, etc. 

The volume of the lead wire was computed, from the readings given 
above, for the various stages. We obtained the following results : — 



Volume in Cubic Cms. 


Length of Wire in Cms. 


3-312 


196-2 


3-315 


204-4 


3-312 


213-4 


3-306 


221-4 



The precision measure of the volume, calculated as before, is 006. The 
values found above for the volume show no change that cannot be 
accounted for by the errors in the determination of section and length. 

The percentage increase of volume per unit percentage increase of 
length is, from the above results, not greater than ±'012. 

Gray and Henderson f give the change in density of a lead wire from 
7'695 to 7*637, the wire being stretched until it broke, and the amount of 
elongation being 3*6 per cent. This corresponds to a '22 per cent, decrease 
in density per unit percentage increase of length. In our experiments the 
lead wire broke during the next stretch after it was of length 221*4 cms., 
the last length for which the results were obtained. Gray and Hender- 
♦ Trans. R S.E., xxx. 369, 1880. t Proc. Boy. Soe., liv. 283, 1893. 
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son's large value for change of density for a small stretch up to breaking- 
point, compared with our results, would suggest that the change of density 
for the most part occurred at or near the rupture. 

H. Tomlinson * has studied the effect of stretching to near breaking-point 
on the density of silver, copper, iron, and other wires, but not of lead. He 
found that the percentage change of specific gravity, for a permanent 
increment of length of 1 per cent., ranged from —'0082 for aluminium 
to —-0620 for platinum, being —'0156 for silver, f 

* PhU. Tram,, 174, 1, 1883. 

t The above experiments were carried out by the aid of a grant from the Moray 
Endowment for the Promotion of Research. 
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VI. — On the Discovery of a new Gtenus of Thread-Bacteria (Spiro- 
phyllum ferrugineum, Ellis). By David Ellis, D.Sc. Ph.D., 
F.RS.R, Lecturer in Botany and Bacteriology, Glasgow, and West 
of Scotland Technical College, Glasgow. (With a Plate.) 

(MS. received February 23, 1907. Read March 18, 1907.) 

Introduction. 

Thboughout Lanarkshire and Renfrewshire many streams and rivulets 
have beds which are deep reddish-brown in colour. This colour is due to 
the deposition of ferric hydroxide, and in some cases the deposition is so 
great that the course of the stream (if a small one) is hindered, and therefore 
it must be periodically cleared. 

The cause of the deposition is well known. The underlying rocks are 
partly composed of bands of iron-stone which contain a very large proportion 
of ferrous carbonate. This iron-stone is subject to denudation, and the 
carbonate in the form of the soluble bicarbonate FeH2( 003)2 is set free. The 
consequence is that when water oozes out from the surface it contains a 
large quantity of iron. By the time, however, that the surface is reached, 
oxidation and precipitation have taken place, with the result that ferric 
hydroxide is formed, which is deposited on the bed of the stream or rivulet 
into which the water issuing from the earth flows. This deposit is found 
to consist of organisms belonging to the thread-bacteria or Ohlamy- 
dobacteriacese. Four of these, viz., Leptothrix ochrucea, Crenothrix 
polyapora, Cladothrix dichotoma, and OaUioneUa ferruginea, are well 
known. The brownish-red colour is due to the fact that these organisms 
are coated, often to an extent greater than their own diameter, with ferric 
hydroxide, so that the size of each cell is abnormally increased. Hitherto 
no other iron-bacteria have been known. In Lanarkshire and Renfrewshire 
I find Leptothrix ochracea and OaUioneUa ferrugiifiea to be exceedingly 
common. Usually the former preponderates, though OaUioneUa is present ; 
sometimes the latter is absent, and, very rarely, a sample may be found in 
which OaUioneUa is the predominant factor. About a mile from Renfrew, 
water permeated with ferric hydroxide oozes from the earth and runs along 
a ditch until it is emptied into a small stream which flows into the Olyde. 
The grass in the neighbourhood of the ditch is quite red in colour owing to 
the deposit. 
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On examination the deposit was found to consist of iron-bacteria which 
have not hitherto been described. Although I have examined samples of 
iron- water from several places, this is the only place in which I have found 
this particular organism. The question of its distribution must be left to 
another paper. I propose to call the genus SpirophyUuTn, and this 
particular species SpirophyUv/m ferrugineuTti, 



General Structure. 

'^"^A typical example of this plant is seen in fig. 1. The body of the cell 
is flattened like a leaf, and spirally twisted. In this figure two turns are 
shown ; but there is great variety in this respect, for, while there may be 
only half a turn in some, in others there may be fifteen or more complete 
turns. By a complete turn is meant one in which, as a result of the turn, 
the lower surface has become the upper surface. The name " Spirophyllum " 
is meant to indicate the above facts, viz., a spirally wound, flattened 
structure. 

With regard to the dimensions, it is necessary to state them as regards 
length, width, and thickness. In addition, in this case we must also state 
the length of a turn or a twist in the same direction. The width is least 
immediately after germination from the conidia, e.g. figs. 16, 18, in which 
the width is 1 /x. In fig. 2, which shows a portion of a spiral which 
had fourteen turns, the width is nearly 6 fx. 

Between these two dimensions all sizes are seen, showing a perfect 
gradation, leaving us in no doubt as to the inclusion of all these forms 
under one species. The maximum length, of course, cannot be stated. In 
fig. 3 we see what is very probably the first stage in the germination, in 
which the length is not more than about 2 /x. On the other hand, fig. 2 
in its entirety would reach up to 180-200 /*. I have no doubt that still 
longer threads exist, because, as is explained later, this organism probably 
relies on the germination of conidiospores, and not on vegetative division, 
for increase in numbers. The thickness of the bands is not easy to 
determine accurately, because, though the threads are often seen with the 
edges facing the observer, as must be the case in a spirally twisted organism, 
yet the edges are thicker than the middle portions. The edges attain a 
thickness extending to approximately J fx ; the middle portion can be roughly 
estimated at \-^ jm. 

The closeness of the spiral turns finds its highest expression in fig. 4, 
which is, however, extremely exceptional. In this case the length of a 
twist is very little greater than the width. The average is seen in fig. 1, 
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in which the twist-length is roughly four times the width. In exceptional 
cases, as in figs. 5, 6, a twist-length may be nine to twelve times longer 
than the width, and it may be said that nineteen out of twenty of the 
organisms have twist-lengths three or four times greater than the width. 

A noticeable feature of the twist is that it may be towards the right or 
towards the left, and it may exhibit both kinds, even in the same individual. 
The internal structure can be followed only in those organisms in which 
no deposit has yet taken place, or else in which it is so slight as not 
to interfere with the staining. There is no indication of a definite cell- 
wall such as is found, for instance, in Leptothrix ochracea. In place 
of it we find that the organism is thicker at the edges than at the 
middle, and there does not seem to be a sharp line of demarcation separating 
the two parts, though, owing to its greater thickness, the thickened edge 
is easily distinguishable when stained with methylene-blue or any other 
dye (fig. 11). 

By examination of stained specimens, and by carefully examining 
the edges at the parts where they are turned up, it is seen that a trans- 
verse section would appear somewhat like fig. 7. This is different to any- 
thing known among Bacteria, and is found only in the genus SpiroTnonas, 
which was found by Warming on the coasts of Denmark, and which is 
described as having a similarly thickened edge. Now, as Spvromonas 
Cohnil, which is the only known representative of the genus, is also a 
flat leaf -like organism, which curls in the same way, it would appear that 
this development has become necessary to subserve the purposes of twisting 
without danger of tearing. In the case of Spirophyllv/m fermginewm 
there is the additional necessity of strength imposed upon it, because each 
individual has to bear the weight of a large quantity of ferric hydroxide. 
In one case the edge of an organism had become torn away from the 
middle portion, showing quite clearly its nature, and bearing out what has 
been stated above on this point. 

The extremities of the individuals are very different from anything 
yet known in this division of the vegetable kingdom. Where the organism 
has made only half a turn, the extremities appear much narrower than 
the remaining portions, but this is due to the fact that at this point the 
organism is somewhat turned up (fig. 18). Where the end is flattened out, 
as in figs. 5, 10, 20, it is seen that the ends are as wide as the rest of the 
organism. The remarkable feature, however, is the fact that the ends 
are not neatly rounded off as we see, for example, in bacilli, but are 
unsymmetrical and angular. Examples are well shown in figs. 5, 9, 18, 27. 
When individuals are examined in which no deposition of iron has taken 
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place, the appearance of the cells is somewhat transparent and grey- 
coloured. Not the slightest evidence was obtained to show that it was 
other than homogeneous. In most cases, however (figs. 5, 13, 24), especially 
when the water was examined immediately after it had been collected, 
all stages in the formation of conidia could be seen, and the beginning of 
this formation is marked, as will be explained later, by the appearance 
of a number of large dark dots (tigs. 5, 11) which really represent very 
slight protuberances from the surface of the organism, and at first give 
one the impression that they are cell contents. 

The Spiral Twisting of the Individuals. 

The most characteristic feature of this organism is that the individuals, 
at a very early stage, begin to twist. This phenomenon must be regarded 
as a spontaneous vital movement, similar, for example, to the amoeboid 
movement of zoospores of the Myxomycetes. It does not appear to be 
influenced by any external factors ; it is universally found, except in the 
very young stages, i.e. stages immediately subsequent to germination. 
Examples of stages in which twisting has not begun are shown in figs. 
12, 14. In fig. 14 is shown the youngest condition in which the twisting 
is observable. Others, showing a slightly older condition, are shown in 
figs. 15, 16, 17. At this period the individual has no deposit of iron on 
its surface, and in consequence is grey and transparent. Also, although 
the edge is thickened, it is not very pronounced, and would thus present 
no hindrance to the operation. That the period of twisting can be 
prolonged beyond this condition is seen in fig. 18, in which the twisting 
is only just commencing. This condition, however, is far less common than 
the one just mentioned, and it may be accepted that twisting begins almost 
immediately after germination and before deposition of iron has taken 
place. One curious instance of a case in which twisting had been 
dispensed with was seen, which had gi'own to a comparatively large 
size. In this, however, there was also an absence of deposition of iron 
and an absence of conidia formation, so that very probably the individual 
was not in a healthy condition. When once begun, the twisting goes on, 
until the whole length has been traversed. It does not always take place 
in the same direction, for there may be two or three twists to the right, 
followed by one or two to the left. Thus in fig. 1 there is one right and 
one left twist. In this paper I regard a right twist as one of the same 
kind as in a coil of wire round a stick in which the wire on the upper 
part of the stick goes to the right, e,g. fig. 22 is a coil to the right, and 
fig. 23 one to the left On examining the various diagrams, it will be 
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seen that right and left turns are fairly evenly distributed. Again, two 

individuals twining round each other are as common as those that are free. 

When once they have caught on, twisting takes place till the whole course 

has been traversed. Examples are given in figs. 5, 6, 24. In fig. 24 the 

process is shown in the case of two long threads. As is evident in this 

figure, twining round another organism is carried on until the length of 

the shorter is exhausted, after which the remainder of the longer thread 

twines on its own accord. Usually, however, the twining individuals are of 

the same length (figs. 5, 6). At first I thought it somewhat remarkable 

that more than two individuals do not interlock, as the organisms in the 

deposit on the bed of the stream are always massed very closely together, 

and it would appear that one organism would touch several others. It 

seems to me, however, that when they are thickly massed together in the 

deposit, the time of twisting is past, and it is doubtful whether the 

organism, apart from the conidia, is alive. Again, the twisting must be 

accomplished before a thick deposit is laid down, otherwise a very large 

inertia, probably greater than the capacity of the plant, has to be 

overcome. 

Vegetative Division. 

So far as I have observed, vegetative division is entirely absent in this 
species. In fig. 25 is shown a case in which division by a transverse slit 
has apparently taken place, but this was the only case of the kind which I 
have met, and, whilst admitting the probability of this method of multi- 
plication taking place under other conditions, at present the matter must be 
left in doubt. The development of conidia, however, is so prolific and so 
universal, that it is possible that the plant has adopted this method of 
multiplication to the exclusion of the other. 

Conidia Formation. 

The formation of conidia in this species, as in LeptothriXy is very prolific. 
I have also found that OaUioTieUa ferrugiTiea (or Chlarnydothrix ferrugineay 
Migula) can also form conidia in quite as prolific a manner as Leptothrix. 
It has been hitherto unknown in OaUionella ferrugiTiea^ and I intend 
publishing the investigation shortly. This conidia formation is thus the 
commonest method of multiplication in all the iron-bacteria of this 
neighbourhood, and marks both an advance in development over the other 
bacteria, and is an important connotative mark indicating the close alliance 
of these three forms. The first appearance of the conidia is indicated by 
'large dark dots marking the surface of the flat organism (figs. 5, 11). 
These dots are obviously produced by very slight protrusions, and can be 
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seen in the youngest stages, when no trace of iron deposition is observable 
on the organism and before twisting has begun (figs. 11, 21). They are 
found in individuals on which a very slight deposit is observable and in 
which twisting is already well advanced, and, judging from the huge 
numbers that are often found attsiched to the mother organism (figs. 26, 29), 
they must be produced in large numbers even when a thick deposit has 
been laid down. In fact I have traced the various stages of conidia 
formation in Leptothrix (as will be explained in a later publication), from 
which it was clear that the conidia arise even when a thick deposit of iron 
is present, and they seem to be able to make their way through it without 
difficulty. It thus is evident that conidia formation takes place in many 
cases throughout the whole life of the individual ; and often individuals are 
seen so loaded with conidia — for most still cling to the parent organism — 
that the original outline of the latter is completely lost, and an appearance 
similar to fig. 26, which represents a part of an individual, is seen. Thus 
hundreds, even thousands, of conidia may be attached to an individual. The 
deposit on the bed of the stream into which the iron-water runs consists 
chiefly of organisms in this condition, and the cause of the sinking of the 
organisms to the bottom of the water is evidently due to the increase of 
weight caused by a further deposit of iron. It is obvious that if the conidia 
remain attached, the surface upon which iron can be deposited is very much 
increased thereby, and the density very soon becomes greater than that of 
water. The further development of the conidium consists in an increase 
in size of the protrusions from the cell, until it becomes a well-defined 
protuberance (figs. 21, 26, 27, 29). By examining an individual in which 
the deposit of iron is very small, and on which the number of conidia is 
comparatively few, all stages in conidia formation can be readily observed. 
When the protuberance has attained the normal size, a constriction is 
formed at its base, and the newly formed conidium, as it can now be called, 
is physiologically independent of the parent plant. The process is repeated 
until the conidia are present in large numbers. Every portion of the 
individual can take part in this process, and in fact in many cases it may 
be safely stated that every square jjl of the organism has upon it a conidium 
either mature or in process of development. The increase of thickness 
caused by conidia formation is diagrammatically represented in fig. 29. 
The reason why the presence of the iron deposit presents no difficulty is 
most probably due to the fact that the cell is surrounded as in other bacteria 
by a coating of mucilage, and that the iron is held by this coating so that 
the iron deposit cannot be very dense and closely compacted. Whatever 
the explanation, there is no doubt of the capacity of the conidia to be 
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formed when a thick deposit of iron is present, as I have seen them in all 
stages in Leptothrix making their way through this deposit in the course 
of their development. 

The Structure of Conidia. 

The conidium is oval in shape (fig. 26, a), measuring about 1 jm in 
width and about 1*75 fi in length. There is very little variation from this 
size, and the conidia are thus exactly the same in size as those of Leptothrix 
ochracea and OaUioneUa fenniginea. By careful staining with methylene- 
blue or fuchsin, the presence of the external membrane of the conidium 
is easily observable. The contents appear, when stained, as a homogeneous 
material, but of course, owing to the smallness of these bodies, further 
information is not possible. 

Germination of the Conidia. 

This part of the investigation is not complete, for the conidia do not, 
as a rule, germinate in the deposit of the bed of the stream, and, as they 
are formed in such huge numbers, it is only a comparatively small number 
that will be able to germinate at all. If the water, however, be collected 
before it comes to the surface, or, at any rate, immediately after coming 
out from the earth, it will be found that the sediment takes a comparatively 
long time to settle on account of the activity of the enclosed Spirophyllv/m, 
When examined as soon as possible after collection, a few stages in 
germination were observed. Fig. 26, 6, obviously represents the condition 
in which the conidium membrane has been split at the polar end and 
the young cell thrust out: it seems to assume its flattened condition 
at once. In fig. 3 a stage is seen in which the membrane has been 
thrust away. Even at this stage the characteristic want of symmetry 
is observable. When stained with methylene-blue, no appearance of 
a limiting membrane could be observed, nor any differentiation of cell 
contents. It forms before staining a grey, semi-transparent, angular, 
flattened portion of protoplasm. 

The Young Vegetative Cell. 

In freshly collected samples, when sedimentation takes place very 
slowly, we see numerous examples of young vegetative cells. Fig. 12 
shows a very young condition and is a typical example. It is about 
1*5 fjL in width and about 10 /x in length. It is flat, grey, semi-transparent, 
and, like older specimens, is unsymmetrical and somewhat angular. In 
this particular specimen one of the ends is slightly rounded off, but this 
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is not always, nor even normally, the case. Also no spiral twisting is 
observable, neither is the edge of the individual thicker than the middle 
portion. I invariably found this organism motUe at this stage. The 
motility consists of a wriggly movement, accompanied by a slow, pendulum 
movement, as if one end had one or more cilia attsiched. I have not, as 
yet, been able to demonstrate the organs of motion. The next stage in 
the development of the cell is seen in fig. 14. The thinner terminal portion 
was partly twisted, and in fig. 15 a complete twist has been accomplished. 
The young cell is still grey and transparent, has no thickened edge, and 
no deposit of iron. The length is about 14 /x, and the breadth varies from 
IJ /UL in the widest to 1 /x in the narrowest portion. A still further 
stage is shown in fig. 16, in which two turns have been accomplished. 
In this individual no change had taken place except for this extra spiral 
turn; it moved about very slowly in a forward direction, exhibiting in 
addition a trembling movement. Later stages are shown in figs. 10, 18, 
19. In the individual represented by fig. 18 there was no deposit, but in 
those shown in figs. 9, 19 a slight deposit had begun to be formed, as 
shown by the loss of its grey, semi-transparent character and its assumption 
of a pale, brownish-red colour. Movement had stopped, and during the 
rest of the life-history of the individual, is not again assumed. The 
deposition of iron, the formation of conidia, and the thickening of the 
edges are inimical to movement. From this point on, growth in length 
and width had evidently taken place, and conidia were rapidly formed. 
All stages and all sizes were observed, the twisting with the variations in 
the length, width, and twist-length causing a large variety of forms, 
which, if one had not seen the intermediate stages, would incline one to 
believe that we were dealing with several species. 

The Culture of Spirophyllum ferrugineum. 

I have made numerous experiments with the object of cultivating this 
form, and have tried most of the methods tried by others in their efforts 
to obtain pure cultures of other iron-bacteria. Winogradsky gives one 
method which was not at all successful with this form, nor indeed was 
it with Leptothrix and OaUionella, 

The methods found to be successful by others, resulted, in my cultures, 
in a preponderance of an undesired bacillus or coccus and a consequent 
extinction of the desired organism. This must often be the case in 
bacteriological experiments, for the preponderance of any one form depends 
on the sum total of conditions being favourable to it, and the sum total 
is never the same in any two localities. It is not necessary to state aU 
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the experiments which were unsuccessful, it will be sufficient to describe 
the only one out of many which was successful in cultivating Spirophyllum 
ferrugineum. A small portion was inoculated into a solution made up 
of sterilised well- water, to which freshly precipitated ferric hydroxide had 
been added, and contained in a sterilised flask. The culture was allowed 
to remain on a table exposed to sunlight. I think the exposure to the 
sunlight was the determining factor in deciding which form should be 
preponderant, for, being protected by the iron compound, the light was 
more harmful to the other forms. In two or three w'eeks a flocculent 
red deposit was obtained, in which I found that nearly all the ferric 
hydroxide which I had added had attached itself to the organisms, which 
accounted for the very flocculent nature of the deposit, as ferric hydroxide 
placed in water under the same conditions settles down at the bottom 
of the flask in the same way that fine sand would. The appearance of 
the organism differed in no way from that found in nature, consisting 
of the usual spirally twisted bands, coloured deep brown, and thickly 
covered in most cases with conidia. As the development took place 
during vacation time, I could not examine the various phases of growth 
from day to day. I hope to commimicate these results in a later 
publication. 

The Iron Deposit. 

The interpretation of the deposition of iron in these bacteria has 
undergone many phases. Cohn (3), who was the first to observe these 
bacteria, compared the deposition in Crenothrix polyapora to the deposi- 
tion of silicon in diatoms, and calcium carbonate in certain cell membranes 
of the MelobesiaceaB. In 1878 Zopf (8) examined the same organism, 
and came to the conclusion that cell activity had nothing whatever to 
do with the deposit, and that the deposition was purely a mechanical one, 
the iron being caught by the mucilaginous layer which surrounds the 
cell. He maintained that the iron was retained in this mucilaginous layer 
in the same way that the colouring matter is retained by the gelatine in 
certain coloured jellies. In 1888 an article appeared by Winogradsky (7) 
in which a totally different explanation was given. He came to the con- 
clusion that the soluble bicarbonate FeH2(C03)2 in the water was absorbed 
into the cell, and there oxidised, being changed into ferric hydroxide. The 
change can be represented by the equation 



2FeC08 \ + SHgO +0 = Fe2(0H)e -I- 2CO3 
H^CO,; =H,0-hCO, 



} 

This oxidation is the source of energy of the plant whereby the vital 
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activities are rendered possible. The iron-bacteria are thus supposed to 
respire, and so obtain their energy much in the same way as the sulphur- 
bacteria had been previously proved by him to obtain their energy. In the 
one case the free sulphur is oxidised to the sulphate, in the other the ferrous 
compound is oxidised to the ferric form. This conclusion was based upon 
the following data : — 

1. Deposition of iron occurs only in water containing iron in the ferrous 

condition. 

2. For the growth of these bacteria ferrous carbonate is absolutely 

necessary. 

3. Only living threads possess an iron deposit. 

Hence the conclusion that the presence of a large quantity of iron is 
absolutely necessary to the existence of the organism. The first two of 
the above data were never proved by him. His publication was meant 
as a preliminary notice, but, though nineteen years have elapsed, no further 
publications from his pen on this subject have, to my knowledge, appeared. 
It is also remarkable that in his prescription for the cultivation of these 
bacteria he recommended that freshly precipitated ferric hydroxide be added 
to the culture medium, presumably to supply the necessary energy. If 
respiration be dependent on the oxidation of a ferrous to a ferric compound, 
one would have expected that a ferrous compoimd should have been added. 
The improbability of this hypothesis — for he did not carry it beyond this 
stage — is obvious when it is remembered that when a solution of ferrous 
carbonate is made, it changes into the hydroxide almost immediately, and 
very special precautions have to be taken to prevent its doing so, by care- 
fully eliminating the atmospheric oxygen. An important work on this 
subject was published by Molisch (4), who was able to cultivate bacteria in 
solutions in which not a particle of iron was present. He riffhtly explained 
the reason why living threads are able to store iron, but dead threads were 
not able to, by stating that living threads were surrounded by a mucilaginous 
layer, but that dead threads were devoid of it, and, as it is this layer which 
retains the iron, this substance is obviously absent from dead threads. I 
have verified this fact in the case of Leptothrix ochracea, in which obser- 
vation on this point is rendered easy by its sharply defined membrane. 
Again, if it were true that iron is absorbed into the system, we should be 
able to detect it inside the cell. Winogradsky does not mention that he 
was able to do this, and neither Molisch nor myself have succeeded. The 
deposit can very easily be cleared away by adding a little very dilute 
hydrochloric acid under the coverslip to a microscopic preparation. In the 
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case of Leptothrix ochvdcea this can be done very gradually, until the 
deposit has been removed, when it may be presumed that, owing to its dense 
membrane, the contents are untouched. When now potassium ferrocyanide 
is added, and given time to penetrate, no blue coloration can be detected. 
Molisch's explanation certainly covers the facts of the case. He states that 
the mucilaginous layer round the cells acts like a filter, keeping back the 
iron compounds, which are later oxidised without entering into the cell. He 
further points out that the iron-bacteria presents an analogous case to 
Zygnema, the mucilaginous covering of which has been shown by Klebs to 
possess a power of attraction for aluminium, chromium, and iron compounds, 
and in consequence of the deposition of these substances, when presented to 
it, considerable swelling of Zygnema takes place. This power of attraction 
for particular inorganic or organic substances is quite common throughout 
the whole vegetable kingdom, and among other bacteria many instances may 
be mentioned, e.g. the salts of potassium are well known to have an 
attraction for bacteria, and they may be lured to their destruction by 
corrosive sublimate. We seem thus to have in the iron-bacteria a case of 
cheinotaxis, with this difference, however, that the iron-bacteria, like 
Zygnema, are the attracting and not the attracted agents. We cannot call 
them iron-bacteria in any other sense than we should call Zygnema an 
aluminium or iron alga ; we cannot call them iron-bacteria in the same sense 
as we speak of the sulphur-bacteria or the nitrate-bacteria, attaching to the 
term a physiological meaning. Again, as pointed out by Beythien, Hempel, 
and Kraft (2), not only can iron be dispensed with in the cultivation of 
these bacteria, but it can be replaced by manganese, for which also the 
organism has a remarkable attraction; and in fact, as the attraction is 
greater than that of iron, we are more justified in naming them manganese- 
bacteria. As Molisch points out, nowhere in Nature is iron necessary to a 
plant and being at the same time replaceable by manganese. Later investi- 
gations by Adler (1) show that the addition of substances which hinder the 
growth of these organisms prolongs the precipitation of ferric hydroxide, 
so that, according to this investigator, it would seem that in addition to a 
purely chemical there is also a biological factor at work in effecting the 
precipitation of the hydroxide. This is difficult to explain in face of the 
fact that these organisms can thrive very well without the presence of a 
particle of iron, and that the presence of iron has never yet been demon- 
strated inside the cell. Further, one would expect that the presence of these 
bacteria would tend to prolong the precipitation by using up the oxygen 
dissolved in the water. The only possible way out of it seems to me to be 
the supposition that in some way these organisms assimilate and thus give 
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out oxygen. This would explain the fact that their presence expedites the 
precipitation of the hydroxide. In my experiments I have found that the 
presence of sunlight does not act as a deterrent to the growth of these forms, 
and it is just possible that we have before us organisms which beneath their 
iron deposit possess a certain amount of colouring matter performing the 
same functions as chlorophyll. I am at present engaged on this problem. 
Whatever the reason of this enormous attraction for iron may be, it is very 
thorough, for an analysis of a sample in which the iron had been precipitated 
showed not a trace of this substance in the water. 



Phylogenetic Position of Spirophyllum ferrugineum. 

Migula, in his System der Bdcterien (4), defines the Chlamydobacteriacesd 
as follows : — " Zellen cylindrisch zu Faden angeordnet, die von einer 
Scheide umgeben qind. Vermehrung verfolgt durch bewegliche oder unbe- 
wegliche Conidien, welche direkt aus den vegetativen Zellen hervorgehen 
und ohne eine Ruheperiode durchzumachen, zu neuen Faden auswachsen." 
This new form agrees with this definition in all essentials except that the 
body is flattened instead of being cylindrical, and is not externally limited 
by a membrane, which one would hardly expect in an organism of this 
shape. There is complete similarity in the methods of reproduction with 
the other iron-bacteria, all of which are included in the Chlamydo- 
bacteriaceae ; and in whichever family Leptothrix ochracea and OaUioneUa 
ferruginea are placed, that family must also take in this form, as they 
obviously form a natural group. Again, OaUioneUa fermginea, renamed 
ChZaraydothrix ferrugiifiea by Migula, possesses, according to this observer, 
only an extremely fine membrane, which, however, I have not been able to 
see, and Adler records the same failure; and in another, ChlaTnydothrix 
hyaliTUi, the membrane is altogether wanting. Again, Phragmidiothrix is 
placed by Migula as a genus of the order Chlamydobacteriacesd. This is 
described as consisting of cylindrical cells which later become fiattened and 
disc-shaped. Hence the fact that, in the absence of a limiting membrane 
and in the presence of the flattened condition, we have characters not 
usually found in this order, does not exclude this new form from that order, 
in view of the obvious relationship to the other iron-bacteria, and in view 
of the non-universality of the excluding characteristics. I would therefore 
suggest that Migula's definition of the order Chlamydobacteriacesd be 
altered to read thus : — " Cylindrische oder flache Zellen, die gewohnlich von 
einer Scheide umgeben sind," instead of "Zellen cylindrisch zu Faden 
angeordnet, die von einer Scheide umgeben sind." 
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The most interesting feature of 8pirophyUv/m ferruginewm, from a 
phylogenetic point of view, is that it serves as a bridge to connect the 
iron-bacteria Leptothrix, OallioneUa, Cladothrix, and Crenothrix on the 
one hand, with the genus Spiromonas on the other hand, which is made 
a dependent on the thread-bacteria, and is not included in this order. 
SpirophyUum agrees with SpiroTnonaa in possessing a flattened body 
thickened at the edge in the same way. The latter is also spirally 
twisted, though never showing more than one and a quarter turns, and 
is motile in the mature condition ; whilst SpirophyUv/niy as described above, 
may exhibit any number of turns, and is only slightly motile immediately 
subsequent to germination. Hence SpirophyUv/m can be placed midway 
between the other iron-bacteria and Spiromonas, and thus justifies not 
only the inclusion of SpirophyUwm, but also of Sjyi/roTnonas into the 
thread-bacteria. 



Summary of Characters of Spirophyllum ferrugineum. 

Body of cell elongated, flattened, and spirally twisted- The number of 
spiral turns may vary from a quarter turn to fifteen and more turns. The 
width varies from 1 /u to 6 yu. The length may reach to 200 jj. and possibly 
more. The middle portion of the cell has a thickness of J-J jul, but the 
edge is thickened up to J /u. There is no definite membrane, but the edge 
is thickened so as to form a kind of rampart all round the cell. The ends 
are usually irregular, angular, and unsymmetrical. The spirals may be very 
close or very wide apart, but the majority of the individuals have spiral 
lengths three or four times greater than the width. The organism has, so 
far, been found only in iron- water, and, except in the youngest stages, is 
coated with a thick deposit of ferric hydroxide. 

Multiplication is effected by the budding off* of conidia, the process 
being exactly the same as in Leptothrix ochracea and OallioneUaferrugimea, 
viz., a budding off in large numbers. EJach conidium has a single coat, is 
oval in structure, measuring about 1 /u in width and 1*75 jjl in length. 
Eiach germinates by bursting open the spore membrane, the contents 
then being protruded, after which the yoimg vegetative cell is freed 
from the spore membrane and for a short time exhibits a faint movement, 
partly of a trembling and partly of a pendulum nature. Conidia formation 
begins when very young, even before the twisting has begim, and may 
persist throughout the whole life of the individual, even when thickly 
encrusted with ferric hydroxide. Hitherto only one doubtful case of 
multiplication by vegetative division has been observed. Immediately 
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after germination, the vegetative cell becomes flat, irregular in width, and 
very soon begins to twist spirally. Two individuals often twist round 
each other, and the twists may be right or left or even both in the 
same individual. 
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EXPLANATION OF PLATE. 
All diagrams, except figs. 7 and 29, drawn to same scale. Magnification 1650. 

Fig. 1. Typical example of Spirophyllum ferrugineum. 

Fig. 2. Portion of a spiral with fourteen spirals. 

Fig. 3. Appearance immediately after germination. 

Fig. 4. Individual showing very close spirals. 

Fig. 5. Two spirally twisting individuals, both showing the commencement of 
conidia formation : stained with methylene-blue. 

Fig. 6. Two individuals with long spiral lengths. 

Fig. 7. Diagrammatic representation of appearance of transverse section of 
Spirophyllum ferrugineum. 

Fig. 8. Individual showing two and a half spirals. 

Fig. 9. Example showing irregular ends. 

Figs. 9-21 show stages in the development of the organism from the conidium stage. 
Fig. 11, stained with methylene-blue and showing b^innings of couidia formation. 
In figs. 13 and 21 conidia are well developed. For further explanation see text. 

Fig. 2^. Example of right<hand twisting. 

Fig. 23. Example of left-hand twisting. 

Fig. 24. Two individuals twisting round each other, both showing conidia 
formation. 

Fig. 25. A doubtful case of cell division. 

Fig. 26. Small portion of a band showing the usual prolific conidia formation. 

Fig. 27. Individual showing three and a half turns. 

Fig. 28. a, conidium ; 6, first stage in the germination of the conidium. Conidium 
membrane is still attached. 

Fig. 29. Diagrammatic representation showing how the size of the organism 
is normally increased by the formation of conidia. 
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VII. — ^Prymnothonus Hookeri, Poisson p^Iagique de V "Erebus" et de 
la " Terror '' retrouv6 par TExp^dition Antarctique Nationale 
Ecossaise. Note pr^liminaire, par Louis DoUo, Conservateur 
au Mus6e royal d'Histoire naturelle, k Bruxelles. PrisenUe par 
M. R. H. Traquair, M.D., F.R.S., V.P.R.S.E. 

(Read February 4, 1907.) 

I. Introduction. 

On salt que tous les Poissons recueillis lors de la fameuse Exp^ition 
de Y Erebus et de la Terror (1839-1843) ne sont pas parvenus jusqu'i 
nous.* Parmi ceux qui ne furent repr^sent^s, au retour, que par des 
dessins, deux des plus int^ressants sont, assur^ment, le Pagetodea et le 
Pryrnmothonus. 

On se souvient que le premier f ut mang^ par le chat de I'^quipage de 
la Terror, — et que, selon toute probability, e'est le Cryodraco antarcticus 
de TElxp^ition de la Belgica (1897-1899), ainsi que je Tai signal^, — mais 
qu'il ne f ut point possible de conserver le nom propose par Richardson, k 
cause de la diagnose absolument insuffisante de cet ichthyologistcf 

Quant au second, — jug^ si remarquable par M. A. GUnther, Con- 
servateur honoraire au British Museum, qu'il le figura dans son Catalogue 
des Poissons, J bien que cet ouvrage soit g^n^ralement d^pourvu d'illustra- 
tions, — il etait r&erv^ k TExp^tion de la Scotia (1902-1904) de le 
retrouver et d'en rapporter les seuls specimens authentiques qui existent 
actuellement en Europe. Je dis authentiques, car s'il est bien vrai qu'on 
a assimfiiU quelques jeunes Poissons p^lagiques du ChaUenger% au 
PrymnothomLS, les diflKrences d'&ge n'ont pas permis d'identijication, 
comme nous le verrons plus loin. 

♦ J. Richardsoii, " Fishes," Zoology of H,M,S. " Erebus " and " Terror" under the com- 
mand of Captain Sir James Clark Ross, R,N,y FM.S.j during the years 1839 to 1843, p. 51. 
Londres, 1844-48. 

t L. DoUo, "Poissons de I'Exp^ition Antarctique Beige," BdsuUats du Voyage du S.Y. 
^^Belgiea^ en 1897, 1898, 1899, sous le comm4ind^nerU de A. de Gerlache de Chmery, p. 8. 
Anvers, 1904. 

X A. Gtinther, Catalogue of the Fishes in the British Museum^ vol. viii. p. 145. Londres, 
1870. 

§ A. Gtinther, " Report on the Pelagic Fishes," Voyage of H.M.S, " Challenger" during the 
years 1873-76 : Zoology, vol. xxxi. p. 39. 1889. 
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Les Prymnothonus de la Scotia sont done les seuls pour lesquels on 
puisse parler de certitude dans la determination. 

lis sont au nombre de trois, et de tailles diverses. Gr&ce k eux, nous 
allons etre k mSme de controler, de rectifier et de completer les observations 
du v^n^rable Sir Joseph Dalton Hooker et de Richardson. 

Tel est Tobjet de la pr^sente Note. 

II. Le Prymnothonus de l' " Erebus " et de la " Terror." 

La premiere mention du PryTn/riotlwnus Hookeri remonte k 1845, quand 
J. Richardson publia le dessin du jeune chirurgien de YErehvjS, en lui 
d^diant Tesp^ce nouvelle. Cette figure ^tait accompagn^e des commentaires 
suivants : * 

" The figure here introduced is copied from a pencil drawing (No. 217) 
by Dr Hooker, and we can give little more information than the sketch 
conveys, the notes made at the time by Dr Hooker having been mislaid. 
The specimen measured an inch and a quarter in length, but it has perished 
not having been found in the collection. It is evidently a Murssnoid fish, 
closely allied to the Congers, but is remarkable in that family for the 
shortness of the belly, the vent being only a fourth of the whole length 
distant from the snout. The gill-openings are lateral, but their position 
will be unusual, if the oblong white mark before and below them be meant 
to represent a pectoral fin. It seems to be placed too far forward for that 
member. The generic name is derived from the backward position of the 
dorsal, from irpvfxva, puppis, and oOourj, velum, i,e, mizen-sail. The caudal 
and part of the anal are marked as rayed, and a note subjoined to the draw- 
ing states that rays were not perceptible in other parts of the fins. It 
would be unwise to attempt drawing up a generic character without further 
information, but it appeared advisable to give the figure a name, for the 
sake of reference." 

III. Les Prymnothonus du "Challenger." 

La deuxifeme fois qu'il fut question du genre Prymnothonus dans un 
travail original, ce fut en 1889, lorsque M. Qlinther lui rapporta trois 
jeunes Poissons p41agiques de la m6mora;ble ExpMition du Challenger 
(1873-1876). t 

Ces Poissons furent d^sign^s par les lettres A, B, D,— C ^tant attribue 

* J. Richardson, Fishes, etc., p. 51. 

t A. Qunther, PeUigic Fishes, etc., p. 39. 



1906-7.] M. Louis DoUo on Prymnothomis Hookeri. 37 

au Prymnothonus de VErebus et de la Terror* dans le classement par 
taille. 

lis sent document's ainsi : 

A. — 12 mm. de long. Pacifique septentrional. 
B. — 14 mm. de long. Atlantique septentrional. 
D. — 44 mm. de long. Sud-est de Tile Kerguelen.f 

D'autre part, quoique la planche V les incorpore tons (A, B, C, D) dans 
le genre PryTnnothonus, le texte dit : J 

" That they all are stages of development of the same generic type of 
fishes is very improbable, but the second and third specimens may well be 
considered to be the same type, which provisionally may be designated by 
the name proposed for it by Richardson.'* 

Examinons ces assimilations, biog'ographiquement et anatomiquement. 

I. Biogiographiquemeat : 

Bien que Thabitat du Prywmoihonus de VErelma et de la Terror nous 
soit inconnu, il est peu probable, — vu les itin'raires de Tillustre James Clark 
Ross, § — que les sp^imens A et B du Challenger puissent avoir quelque 
chose de commun avec lui. 

Quant au specimen D du Challenger, c'est une autre affaire, car Ross s'est 
'galement approch' de la Terre de Wilkes, pourtant un peu plus k Test. 

II. AnaioTniquement : 

A {Challenger), — Rien que des divergences avec C (Erebus and Terror) : 

1. Tete 'norme, au museau camus et k la fente buccale oblique, — au 

lieu d'une t^te gracile, au museau I'gerement spatuliforme et k 
la fente buccale horizontale. 

2. Pas de pectorales. 

3. Dorsale commen^ant au milieu de la longueur et d^d, rayie dans 

sa partie posfrieure, pour un Poisson de 12 mm., — au lieu de 
commencer au quart posfrieur et d'etre (Mpourvue de rayons, 
pour un Poisson de 32 mm. 

* Indiqu^, k tort, comme provenant de TExp^dition du Sulphur (1836-1842) dans 
rexplication de la planche v de M. Gtinther. 

f Station 156 du ChaXlmger^ non loin de la Terre de Wilkes, et non au sud-ouest de 
Kerguelen, comme T^crit M. Giinther. 

X A Giinther, Pelagic Fishes, etc., p. 41. 

§ J. C. Ross, A Voyage of Discovery and Research in the SotUhem and Antarctic Regions 
during the years 1839-1843. Londres, 1847.— J. D. Hooker, " Summary of the Voyage," 
Zoology of H.M.S. " Erebus " and " Terror,^* under the command of Captain Sir Jam^s Clark 
Ross, R.N,, F,R.8., during the years 1839 to 1843 : Part I. Londres, 1844. 
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4. Anale commen^ant au deli du milieu du corps, entUrement rayie et 
plus hxiute en son milieu, pour un Poisson de 12 mm., — au lieu 
de commencer dans le cinquifeme ant^rieur du corps, d'etre 
seulement rayde dans une region trfe's localiaie et d avoir une 
hauteur sensiblement igale partout, pour un Poisson de 
32 mm. 

B (Challenger). — Importantes divergences avec C (Erebus and Terror) : 

1. Tete massive, k la fente buccale l^gerement oblique, — au lieu d*une 

tete gracile, k la fente buccale horizontale. 

2. Dorsale commen9ant au milieu de la longueur et d^a rayie, 

pour un Poisson de 14 mm., — au lieu de commencer au quart 
post^rieur et d'etre dipoui/rvue de rayons, pour un Poisson de 
32 mm. 

3. Anale commencjant dans le deuxieme quart du corps, entiSrement 

rayie et avec un lobe saiUant vers son milieu, pour un Poisson 
de 14 mm., — au lieu de commencer dans le cinquifeme ant^rieur 
du corps, d'etre seulement ray^e dans une region trfes localisde et 
d'avoir une hauteur sensiblement ^gale partout, pour un Poisson 
de 32 mm. 

D (Challenger), — Concordances avec C (Erebv^ and Terror) : 

1. Corps tres grele, allong^. 

2. Tete gracile; museau spatulif orme ; fente buccale, horizontale et 

atteignant Tceil ; dents pointues, recourb^es et espac^es. 

3. Dorsale, courte, contigue a la caudale, non ray^e. 

4. Anale ray^e, localis^e, rejet^e en arrifere, mais non contigue k la 

caudale. 

5. Caudale, ^chancr^e, ray^e. 

6. Pectorales, pr^sentes, petites. 

7. Ventrales, absentes. 

8. Cavity abdominale, 6gale k la longueur de la tete. 

III. Conclusions: 

1. Les specimens A et B du Challenger (celui-ci, en particulier, malgre 
I'opinion contraire de M. Gunther), — biog^ographiquement et 
anatomiquement, — n'ont rien k faire avec le Prymnothonus de 
Y Erebus et de la Terror, — puisque, notamment, quoique beaucoup 
plus petits, ils ont d^ja des difBSrenciations qui manquent encore 
k ce dernier. 
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2. Le specimen D du Challenger (ici, encore, je suis oblig^ de me 
s^parer de M. Gunther), — biog^ographiquement et anatomique- 
ment, — ^pr^sente les caract^res qu'on doit attendre d*un Prymno- 
thonua plus &g6 que celui de VErebua et de la Terror, — ce qui 
correspond a sa taille. 



IV. Les Prymnothonus de la "Scotia." 

I. Les Prymnothonus de la Scotia sont au nombre de trois et mesurent 

respectivement : 

1. — 38 mm. de long. 

2. — 42 mm. de long. 

3. — 56 mm. de long. 

Us ont ^t^ pScWs ensemble, et leurs caracteres, comme leur habitat, ' 
indiquent qu'il s'agit bien, ici, de jeunes Poissons appartenant a la meme 
espfece. 

II. Caract^res qui d^terminent Tidentification des Prymnothomus de la 
Scotia avec celui de VErebvs et de la Terror : 



Prymnothonus HookERi, Richardson, 1845. 

(Zoology of EMS. " Erebus " arid " Terror " : Fishes, vii. p. 51. 

Londres, 1845.) 

1. Corps tres grele, allong^. 

2. Tete, gracile. Museau, spatulif orme, l^gerement retrouss^, qui s'allonge 

et se redresse avec T&ge. Fente buccaZe, horizontale et atteignant 
Toeil, bord^e seulement par le pr^maxillaire sup^rieurement. Dents, 
pointues, recourb^es et espac^es. Ouies, larges (comme Tavait sup- 
pose, avec raison, M. GUnther). 

3. Dorsale, courte, contigue a la caudale, non ray^e. 

4. An^de, trfes longue, mais k T^tat de frange embryonnaire, sauf une 

portion ray^e, localis^e, situ^e tres en arrifere, mais non contigue k la 
caudale. 

5. Caudale, rhipidicerque (homocerque) ^chancr^e, ray^e. 

6. Pectorales, pr^sentes, petites. 

7. Ventrales, absentes. 

8. Amus, imm^diatement en avant de Tanale embryonnaire. 

9. Caviti ahdominale, courte, refoul^e ant^rieurement. 
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10. Una tache rioire, places directement derrifere les ouies et au dessus de 

la pectorale. 

11. Longuewr totaZe: 32 k 56 millimetres. 

Type: Dessin No. 217 de Sir Joseph Dalton Hooker, reproduit par 
J. Richardson (PI. 30, fig. 6 et 7). 

Cette diagnose rectifie celle de Richardson, en ce qui concerne la nature 
des ouies; elle la complete pour ce qui touche aux relations du pr6- 
maxillaire avec Torifice buccal, ainsi que pour le changement de forme du 
museau avec TAge. 

IIL Une difficult^, maintenant, pour Tassimilation du specimen D du 
ChaUeTiger au genre Pry7nnothonu8, 

Dans le Prymnothonua de 56 mm. rapports par la Scotia, la longue 
frange embryonnaire anale existe encore tout entifere, — ^tandis que, dans le 
specimen D de 44 mm. recueilli par le ClwUenger^ elle aurait disparu, ne 
laissant que la oourte anale ray^e. 

Cela suffit-il pour empScher que le specimen D du ChxxUenger soit un 
jeune Prymnothonus ? — Ou s'agit-il de deux espk^es difF^rentes du mSme 
genre ? — Ou faut-il voir, ici, un simple cas de vie larvaire prolong^e, comme 
on en connait ailleurs chez les T616ost^ens ? 

Quoiqu'il en soit, — en attendant de nouveaux mat^riaux, — je crois que 
le mieux est de laisser le specimen D du Challenger dans le genre 
Prymnoth/ynus, — vu le nombre et Timportance des coincidences avec le 
PrymnotJionus Hookeri de YErehvs et de la Terror. 

V. Position syst^matique. 

1. Murcenidce, — 1. J. Rich/irdson (1845) : " It is evidently a Mursenoid 
fish, closely allied to the Congers." * 

2. A, Oilnther (1870) : " Appears to belong to the MursBnidae." f 

3. Discussion, — Impossible, car : 

Le pr^maxillaire bordant, seul, sup^rieurement, Torifice buccal ; les 
ouies fort larges ; et Tanus trfes ant^rieur, — s'opposent k cette inter- 
pretation. 

II. Paralepidoe, — 1. A, Ounther (1889) : " I have no doubt that all these 
specimens represent larval conditions of fishes belonging to Paralepis or 
Sudis, or of genera allied to them." J 

♦ J. Richardson, Fishes, etc,, p. 51. 

+ A. Guntlier, Catalogue, etc,, vol. viii. p. 145. 

J A. Qiinther, Pelagic Fishes, etc., p. 41. 
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2. Diacuasion, — M. Gtinther ne donne pas ses raisons, mais, en effet : 

1. Le corps allong^ ; 

2. Le museau spatuliforme ; 

3. La bouche bord^e uniquement, vers le haut, par le pr^maxillaire ; 

4. La f ente buccale large ; 

5. Les dents pointues, recourb^es et espacees ; 

6. Les larges ouies ; 

7. La dorsale adipeuse au voisinage de la caudale ; 

8. L'anale ray^e assez longue, situ^e pres de la caudale, mais non 

confluente avec elle ; 

9. La caudale rhipidicerque homocerque 6chancree ; 

10. Les pectorales pr^sentes, petites ; 

11. Le p^ritoine noir ; 

sont d'accord avec ce qu'on observe chez les ParaZepidce. Quatre 
points d^licats, pourtant, — ^I'anus trfes ant^rieur ; Tabsence de ventrales ; la 
disparition de la premiere dorsale ; la dorsale adipeuse assez longue et 
basse, — chez Pry7nnoth(yiiU8. 

Cependant, la position de Vanus est trfes variable, de genre k genre, 
ou mSme d'espece k esp^ce, chez les Paralepidce, auxquels je joins dijk 
PryrriTiothonus pour la comparaison : 

« 

a. PryTwnothonus Hookeri : k la limite du premier quart. * 

)8. Plagyodus ferox : un peu en avant (y^) du milieu du corps, f 

y. Parolepis aphyrcBTwides : un peu en arriere (^) du milieu du 

corps. I 
S. Paralepis Kr^eri : un peu en arriere {^) du deuxifeme tiers. § 

De plus, chez les Paralepidce, comme chez PryTtinotJionuSy Tanus n*a 

* J. Richardson, Fishes^ etc.^ p. 51. 

t G. B. Goode and T. H. Bean, "Oceanic Ichthyology," Smithsonian Contribviions to 
Knowledge^ vol. zxx., pi. xxxviii., fig. 142. Washington, 1895. 

PlagyoduSy Steller, 1831, n'est, certainement, pas autre chose qu'un Paralepide, de 
grandes dimensions, adapts k la Vie Nectique P^lagique superficielle, avec Dorsale veliforme 
^merg^e : Convergence avec HistiophoruSy parmi les Acanthopterygiens Scombriformes. — 
H. N. Moseley, Notes by a Naturalist 07i the " Challenger" Londres, 1877. 

Mais je m'expliquerai l^-dessus ulterieurement. 

\ A. Risso, Histoire naturelle des principales productions de V Europe meridionale, vol. iii., 
pi. vii-, fig. 16. Paris, 1826. 

§ G. B. Goode and T. H. Bean, Oceanic Ichthyology, etc, pi. xxxviii., fig. 143. 

Contrairement a ce que pensent les auteurs am^ricains, Pesp^ce figuree n'est pas le 
Paralepis horealis, mais le Paralepis Kr^yeri. C. Liitken, "Korte Bidrag til nordisk 
Ichthyographi. viii. Nogle nordiske Laxesild (Scopeliner)," VidensJcabelige Meddelelser fra 
den naturhistoriske Forening i Kj^henhavn, p. 230. 1891. 
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pas conserve sa situation primitive, imm^diatement au devant de Tanale 
(definitive), ^tant plac^ plus ou moins loin en avant de celle-ci. 

Or, pour passer de Plagyodus k Prymnothonus, il faut supposer une 
moindre migration de Tanus que pour passer de Parcdepis (KrjJyeri) k 
Plagyodus, 

Maintenant, pareille migration est-elle possible, phylog^niquement et 
ontog^niquement ? 

Oui, comme nous le verrons dans un instant. 

Quant k la disparition des ventrcdes et de la preTnikre doraale chez 
PryiYiTwthxyaua, — il n'y a gufere lieu de s'en ^tonner apres la regression 
subie par ces nageoires chez certains ParaZepidoe* — d'autant plus qu*un 
T^l^ost^en au corps trfes allong^, avec caudale rhipidicerque (homocerque) 
^chancr^e (mais d6jk r^duite), dorsale et anale refoul^es au voisinage de la 
caudale, pectorales petites et suppression des ventrales (par atrophic, ou 
par changement de fonction) est une adaptation k la Vie Planctique Aiguilli- 
forme, f que nous retrouvons, par convergence, chez les Stomiatidce. J 

Enfin, en ce qui concerne la deuxihne dorsale, rudimentaire, mais courts 
et haute, chez les Paralepidce connus, — tandis qu'elle est assez longue et 
basse chez PrymnothonuSy — je d^crirai, prochainement, sous le nom de 
Notolepis Coatsi, un Paral^pide typique de la Scotia pr^sentant cette 
demifere disposition. 

III. Conclusion. — Je pense, comme M. Gtinther, qu'il y a lieu de mettre 
le genre Pryranothonus dans les Paralepidce. 

VI. Migrations de l'Anus. 

I. Position primitive de Vanus, — 1. Pour qui admet, comme je le fais, 
Torigine des membres pairs aux d^pens de plis latdraux continus, — ^la 
formation de ces plis apparait comme une cons^uence directe de la 
necessity d*6viter Toblit^ration, ou le refoulement, de Tanus, par le pro- 
longement de la nageoire impaire primordiale ininterrompue, le long de la 
face ventrale du corps. 

En d'autres termes, c'est k Texistence de Tanus — et k la bifurcation du 
pli median provoqu^e par lui^-que nous devons les membres pairs. 

♦ Par exemple, Paralepis Ri^soi, C. Bellotti, "Appunti air opera del dottor Emilio 
Moreau : Histoire naturelle des Poissons de la France e al relativo supplemento," AUi deUa 
Societd Italiana di Scienze naturally vol. xxxiii., fig. 3. Milan, 1890. 

t L. Dollo, Poissons de P Expedition Antarctique Belge^ etc., p. 106. 

I Chez McKTOstomuis longibarixUuSy od les ventrales ont cesse de fonctionner oomme 
nageoires, pour devenir des organes tactiles. A Brauer, "Diagnoeen von nenen TiefiBee- 
fiscben, wdcbe von der Yaldivia-EIxpedition gesammelt sind," Zoologisd^er Amei^, voL 
XXV. p. 283, 1902 ; C. Chun, Ausden Tiefen des JVeUmeeres, p. 637. J^na, 1900. 
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II en r^snlte que, prirmtivementf Vanua ita.it plac^ imm^diateTnent 
deva/nt Vanale^ qui venait buter centre lui. 

2. Par consequent, quand — comme chez les Paralepidce — Vanua est 
sipard de Vanale, nous avons affaire a une disposition secondaire — soit que 
Tanale ait recuW, soit que Tanus ait avanc^. 

Par consequent, aussi, la presence, chez Prymnothomis, d'une longne 
JraTige embryonnaire atteignant Tanus trfes ant^rieur — alors que Tanale 
definitive est tres localisee et rejetee en arriere — ^ne pent ^tre consider^e 
que comme un cas de Recapitulation. 

II. Migrations de Vanus, — II y a done eu des migrations de Tanus, chez 
les Teieosteena 

Phylogeniquement ? ontogeniquement ? ou les deux? Cranio-caudale- 
ment ? caudo-cranialement ? ou les deux ? Quelle est Tamplitude maximum 
de ces d^placements ? • 

Le tableau suivant r^pond k ces questions : 



1. Phyloginiquement : 



Migration 
caudo-craniale : ' 



Migration 
cranio-caudale : ' 



2. OntoginiqueTYient : 



Migration 
caudo-craniale : ' 



' RhaTnphostemarchvs ta7nandv/i,* 

Anus mentonnier. 

Vie Benthique Limnique. 

Gyrrin^tidce. 
^ Ostariophysiens. 

r StylophthaZTnus paradoxus, f 
Anus ultraterminal. 
Vie Planctique Abyssale. 
Stomiatidce, 
Malacopterygiens. 

Aphredoderus say anus. J 

Anus jugulaire. 

Vie Nectique Limnique. 

Aphredoderidce. 

Acanthopterygiens perciformes. 



* G. A Boulenger, "On a Collection of Fishes from the Rio Jurua, Brazil/' 
TransadioTis of the Zoological Society of Londouy vol. xiv. p. 427 et pi. zlii., ISdS ; " Teleostei 
(Systematic Part)," Cambridge Natural History {Fishes, etc.), vol. vii. p. 580. Londres, 1904. 

t L'anus est rejet^ au del& de Textrdmite post^rieure du corps, au moyen d'une longue 
papille, qui s'ins^re au devant de la courte anale, refoul^e elle-meme contre la caudale. 
A. Brauer, Valdivia, etc., p. 298 ; C. Chun, Aus den TiefeUy etc,, p. 535. 

X L'anuB, plac^ d'abord derri^re les ventrales, emigre finalement en avant des 
pectoiales. D. S. Jordan, A Guide to the Study of Fishes, vol. ii. p. 295. Westminster, 
1905. 
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Migration 
cranio-caudale : ' 



r Mojcrvi/ms rv/iis* 
Anus secondairement au devant de Tanale. 
Vie Benthique Abyssale. 
Mcicrv/ridce. 
Anacanthiniens. 



III. Conclusion. — Ces migrations sont de nature k justifier les d^- 
placements, phylog^nique et ontog^nique, invoqu^s pour faire rentrer 
Prymnothontua dans les Paralepidce. 



VII. BioNOMiE DU Prymnothonus Hookeri. 

I. " Erehvs " and " Terror^ — On ne possfede aucune donn^e bionomique 
sur le Prymnothonus Hookeri de Y Erebus et de la Terror. 

Vu rhabitat du Prymnothonus D du Challenger, nous avons fait 
remarquer que le premier aurait pu etre capture ^galement au voisinage 
de la Terre de Wilkes, dont Ross s'est approch^ en Mars 1841. 

Mais, — le num^ro ^lev^ (217) du dessin de Sir Joseph Dalton Hooker 
indiquant qu*il doit plut6t se rapporter k une observation de la fin de 
TExp^dition, — le Pryinnothonus Hookeri de la Scotia, recueilli dans la 
Mer de Weddell, par 71° 50' S. et 23° 30' W.,— la pointe pouss^e par Ross, 
en Mars 1843, dans la meme mer, par 71° 30' S. et 15° W., f — rendent, aprfes 
tout, plus probable que le Prymnothonus Hookeri de VErehus et de la 
Terror provient de la Mer de WeddeU. 

II. " Challenger " et " Scotia.'' — Comparons, maintenant, au point de vue 
bionomique, le Prymnothonus D du Challenger et le Prymnothonus 
Hookeri de la Scotia: 



Prymnothonus D. J 

(I.) BiogSographie, 

Habitat : Q2^ 26' S. et 95' 44' E. 
S.K Kerguelen. 
Oc^an Indien. 
Quadrant Australien. 
Station 156. 
Challenger. 



Prymnothonus Hookbri. 

(I.) BiogSographie. 

Habitat: 7V 50' S. et 23* 30' W. 
. Mer de Weddell. 
Oc^an Antarctique. 
Quadrant Am^ricain. 
Station 414. 
Scotia. 



* L'anus, plac^ d'abord entre les ventrales, emigre finalement au devant de I'anaier 
A. Qiinther, " Report on the Deep-Sea Fishes," Voyage of H.M.S. ChaMenger during the years 
1873-76 : Zoology, vol. xxii. p. 132 et pi. xxvii. 1887. 

t J. D. Hooker, Summary, etc., p. x. 

J J. Murray, "Summary of Results," Voyage of H.M.S. Challenger during the years 
1873-76, vol. i. p. 501. 1895. 
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(II.) Ethologie. 

1. Profmdeur, -^ Entre et 1975 
fathoms. 

2. Nature du Fond, — Vase k Diato- 
mees. 

3. Temperature du Fond.—ZV'Z F. 

4. TempSrature de la Surface. — 33* F. 

5. Mode de Capture, — Chalut. 

6. Date de Capture.— 2^ F^vrier 1874. 

7. Heure de Capture. — Entre 9.20 
matin et 4.30 Boir. 

8. Nomhre d^Individus capturSs, — Un 
seul. 



(II.) Ethologie. 

1. Profondeur. — Entre et 2378 
metres. 

2. Nature du Fond, — Vase bleue (a 
3800 metres environ). 

3. Temperature du Fond. — Inconnue. 

4. Temperature de la Surface. — 
29'-l F. 

5. Mode de Capture. — Filet vertical 
de 2™-50 d'ouverture. 

6. Date de Capture. — 15 Mars 1904. 

7. Heure de Capture. — 3 heures du 
soir. 

8. Nombre d'Individus capturSs, — 
Trois, pris ensemble. 



VIII. Conclusions. 

1. La Scotia a retrouv^ le Prymnothonus Hookeri de Y Erebus et de la 
Terror et en a rapports des specimens. 

2. Le Prymnothonus D du Challenger parait bien 6tre un Prymno- 
thonus. 

3. Le genre PryTn/aothonus doit 6tre class^ dans les Paralepidce. 



i 
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VIII.— Craniometrical Observations on the Skull of Equus 
pijevalskii and other Horses. By O. Charnock Bradley, 
M.B., D.Sc, F.R.S.E. 

(Read November 19, 1906. MS. received March 18, 1907.) 

The peculiarities of the skull of the Prjevalsky horse {Equus prjevaJskii) 
have been extensively studied by Salensky of St Petersburg, and compared 
by him with the skulls of various other members of the genus Equus. No 
special attempt, however, has been made to contrast the skull of the wild 
horse with that of different varieties of the domestic horse. There can be 
little doubt that given as rich a collection of Prjevalsky horse skulls as 
were at the disposal of Salensky, and given, at the same time, a represent- 
ative collection of skulls of different types of the domestic horse, many 
points of great scientific interest would emerge from a comparison. In 
def atQt of such a wealth of material, it is clearly desirable that opportunities 
afforded by even isolated specimens shotQd be turned to as good an account 
as possible. In this conviction. Professor Cossar Ewart recently asked me to 
make measurements of the skull of a Prjevalsky horse, about three and a 
half years old, and compare them with similar measurements of the skulls 
of horses of the Celtic and Iceland or Forest types. The comparison proved 
of interest ; and though the material was certainly not sufficiently abundant 
to justify any dogmatic conclusions, the differences in the three skulls are 
so striking a« to merit record. 

In the Prjevalsky horse the nasion was found to be placed relatively 
much farther forward than in the other skulls. This being so, it was 
decided to abandon this point as indicating the craniometric line of demar- 
cation of cranium and face. On the suggestion of Professor Ewart, a line 
crossing the sktdl transversely on a level with the anterior border of the 
post-orbital process of the frontal bone was substituted, since the mesially 
sectioned sktdl showed that it fairly accurately indicated on the surface the 
level of the anterior limit of the actual cranial cavity. The mid-point of 
this transverse line may be referred to, for convenience, as the inter-orbital 
point 

The length of the cranium was measured from the opisthion to the 
inter-orbital point ; and its breadth was estimated by two diameters. The 
transverse diameter of the cranium taken from the outermost part of the 
condyles on the squamous temporal bones (condylar breadth) is a measure- 
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ment of considerable value, because it lies between points which are super- 
ficial in the living animal. By comparing it with the length of the 
cranium, taken as 100, the cephalic iTidex A of the subjoined table was 
computed. The condylar breadth, however, is not the breadth of the actual 
cranial box in the horse ; nor was it altogether easy to determine upon a 
measurement which would accurately define the width of the cranium. 
Finally, however, a rndximv/m parietal breadth between points on the 
parieto-squamosal suture was decided upon ; and this was compared with 
the length of the cranium ( = 100) in a cephalic index B, 

TABLE I. 



Cranium. 


E, prjevcUskii. 


Celtic. 


Iceland. 


Length, 

Conaylar breadth, .... 
Maidmum parietaJ breadth, . 

Cephalic index Aj 

Cephalic index B^ 


170 
188 

87 
110-58 

51-17 


171 
178 

90 
104-09 

52-63 


184 
189 

93 
102-71 

50-54 



From the above indices it is clear that the Prjevalsky cranium was 
much wider on a level with the temporo-mandibular articulation than either 
the Celtic or Iceland cranium (cephalic index A). The Iceland cranium 
was the narrowest; and the Celtic intermediate, but much nearer the 
Iceland than the Prjevalsky. Cephalic index B also demonstrates the 
relative narrowness of the Iceland cranium. It is of interest to note that, 
according to index B, the Prjevalsky cranium was slightly narrower, as 
compared with its length, than the Celtic, in spite of the fact that the 
width of the Prjevalsky skull measured between the temporo-mandibular 
articulations was much greater than that of the Celtic horse. 

The measurements of the facial parts of the three skulls brought out 
certain distinctive features in a very definite manner, and corroborated 
conclusions which could be drawn from a mere inspection. The length of 
the face was measured from the inter-orbital point to the alveolar point, and 
its breadth between the most distant points on the sutures separating the 
malar and maxillary bones. A facial iridex was computed by comparing 
the breadth with the length taken as 100. In the living animal the width 
of the face, as determined by inspection, depends upon the transverse 
diameter between the two orbits. For this reason, it was decided to include 
a frontal width in the facial measurements, by determining the maximum 
distance between the post-orbital processes of the two frontal bones. A 
frontal index was then calctQated in the same manner as the facial index. 
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A comparison of the figures in the following table with those in Table I. 
shows that the frontal breadth gives the greatest transverse measurement 
of the whole skull ; or, in other words, that the skull of the horse is widest 
on a level with the orbits. At the same time it will be seen that the 
Prjevalsky skull differed from the other two in that the frontal breadth 
exceeded the condylar breadth by only 05 mm. : a point of some moment 
as demonstrating a peculiarity of the head behind the orbit. 



TABLE II. 



Face. 


E, prjevalskii. 


Celtic. 


Iceland. 


Length, 

Breadth, 

Facial index, 

Frontal breadth, 

Frontal index, 

Oranio-facial length, . . . . 
OraniO'facial index, .... 


370 
166 

WS6 
188-5 

50-94 
493 

75-05 


333 

159 

47-74 
192 

57-65 
467 

7 ISO 


336 

177 

52-67 
206 

6 ISO 
485 

69-27 



That the Iceland sktdl had a short, broad face is shown by the facial 
and frontal indices, as well as by the absolute measurements. The 
Prjevalsky horse, on the other hand, had a long, narrow face ; the Celtic 
skull occupying an intermediate position. 

In addition to determining the relationship between the length and 
breadth of the face, the proportion which the face formed of the length of 
the entire skull was also ascertained. This was done by measuring the 
distance from the opisthion to the alveolar point — cranio-facial length — 
and computing an index as follows : — 

^ .J ' 1 • J Length of face x 1 00 

Gramo-fcbctal index = ——^, — - — ^-n r- - 

Cranio-facial length 

In this way it was shown that the face of Equna prjevalskii was long in 
relation to the skull as a whole ; that the Iceland horse had a short face ; 
and that the Celtic horse stood between the two. 

It might have been expected that the palate in the three horses would 
vary with the face. This, however, was not quite the case. The length- 
breadth or palatine index was certainly highest in the skull of the Iceland 
type, thus indicating a relatively broad palate in conformity with the broad 
face ; but in the wild and Celtic horses the palatine indices are practically 
identical, in spite of the fact that the wild horse had relatively the longer 
face. The actual measurements are as follows : — 
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TABLE III. 




The form and position of the orbit has notoriously much influence upon 
the appearance of the head of a living horse ; even in a series of macerated 
skulls considerable differences can be detected on inspection. That there 
were differences in the orbits of the three skulls at present under con- 
sideration could be readily determined by the eye. The outline of the orbit 
of the Prjevalsky horse was much farther removed from a circle than was 
that of either the Celtic or Iceland sktQl; this is demonstrated by the 
indices in the following table, where the maximum diameter of the rim is 
held as being equal to 100. The peculiarity of the shape of the rim in 
Equus prjevaZakii depended largely upon the position of the articulation 
between the post-orbital process of the frontal bone and the zygoma. That 
the articulation in this skull was farther back than in the Celtic and Ice- 
land skulls may be shown in the following manner. The amount of the 
orbital rim formed by the squamous temporal bone is dependent on the 
position of the articulation. The farther forward the joint, the smaller 
the part taken by the squamous temporal in the formation of the orbit. 
In the wild horse the temporal formed 27 mm. of the rim ; in the Celtic, 
only 11 mm. ; and in the Iceland, 15 mm. 

Not only did the shape of the orbit differ in the different skulls ; its 
relative position was also different. The figures below show that in the 
wild horse the orbit was relatively farther back in the head than it was 
in the others. 

TABLE IV. 



Orbit. 


E, prjevaUkii, 


Celtic. 


Iceland. 

63 

61 1 
96-82 ! 

189 

1 

338 

55-91 

1 


Maximum diameter, .... 

Minimum diameter 

Index, 

1. Distance from the opisthion to the 
supra-orbital foramen, 
1 2. Distance from the supra-orbital 
foramen to the alveolar pomt, . 

/n<i«i;((2)-100), 

1 


68 
55 

80-88 

182 

362 

50'^ 


59 
56 

94-91 

180 

333 

54-05 
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Some importance has been attached by Salensky to the relative width 
of the most anterior region of the face (" muzzle "). In order to compare 
the three skulls in this respect the maximum width of the premaxillse 
(measured from the bases of the third incisor teeth) was determined, and, 
the length of the face being held as equal to 100, an index was calculated. 

TABLE V. 



Width of premaxillae, . 
Imdex (length of face= 100), . 



E, prjevalskii. 



66 
17-83 




It is clear that, in comparison with the length of the face as a whole, 
the wild horse had a narrow premaxillary region. 

The chief points brought out by the above observations may be 
summarised as follows : — The actual width of the cranium of the wild horse 
was narrower than an examination of the animal during life would have 
led one to suppose. The face of the wild horse was long and narrow, and 
formed a considerable proportion of the total length of the skull. The 
Iceland face, on the contrary, was short and broad. The orbit of the wild 
horse had an elongated rim, and was placed relatively far back in the head. 
The premaxillary width in Equus prjevalakii was relatively less than in 
the other two skulls. 



{Issued separately April 29, 1907.) 
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IX. — Notes on Aboriginals of the Northern Territory of South 
.Australia. By W. Ramsay Smith, D.Sc, M.B., CM., Permanent 
Head of the Health Department, South Australia. (ComTnv/nicated 
by Professor D. J. Cunningham, F.R.S.) 

(MS. received January 7, 1907. Read same date.) 

Whilst engaged recently in inquiring into diseases and sanitation in the 
Northern Territory of South Australia, I took occasion to investigate some 
points in the anthropology and ethnology of the aboriginals. This investi- 
gation broke some new ground, and produced results which I consider to 
be of sufficient interest to be recorded. 

Physiognomy. 

What impresses an observer on examining aboriginals of undoubtedly 
pure breed is the great variation to be observed in external facial character. 
This impression is all the stronger if one is familiar with Keane's statements 
regarding the uniformity in physical and mental characters of the inhabi- 
tants of the Australian continent, " in which a strong family likeness is at 
once detected between all the scattered groups of its primitive inhabitants." 
While there exists, no doubt, a large substratum of uniformity, too much 
must not be inferred from a casual examination ; and one must be prepared 
to find a large amount of well-marked variation. 

The examination of a number of Australian aboriginals, or even a 
number of photographs of aboriginals, will show that Australian heads 
will be f oimd which show a facial resemblance to all the known recognised 
types, Ethiopian, Mongolian, Caucasian, American. It appears to me that 
in this respect there is some analogy between the Australian aboriginals 
and the Australian fauna. The primitive marsupials, distinguished by 
certain features, such as epipubic bones, inflected angle of the lower jaw, 
" aplacentation," double uterus, etc., having been cut off at an early period 
from competition with nearly all other classes of mammals, have developed 
along lines similar to those along which other forms have specialised, and 
now mimic other classes of animals, e.g., camivora, insectivora, rodents, etc. 
The Australian aboriginals have to some small degree undergone similar 
development, and now mimic in facial expression the four primary groups 
of HominidsB as well as many intermediate forms. I speak generally, not in 
strictly scientific language nor in detail. Further, I would emphasise the 
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fact that no explanation ia proffered as to how this evolution has occurred in 
either caae. When Professor Elaatsch of Heidelberg was in Adelaide about 



Atli)^tor Tribe. (riiotu);ni[>1i by Mr Fmtlsch''.) 

a year ago, Dr Kogers showed hiin a large number of photographs illustratiQg 
these variations of type, and presented him with some illustrative examples. 

Body Markings. 
Towards the end of iy03 an English gentleman. Captain HayeSi-wrote 
to me regarding "recognition marks," which, he said, "our Society people 
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and (x^termongers have 'galore' and wliich the Hindooa of the Madras 
Presidency sport in the form of painted lines on their foreheadn, so that 



AUigitor Tribe, (Phot<^™[ih by Mr KmIbcIip. ) 

they can recognise the respective members of their own castes." He asked 
me if the Australian blacks had any recognition marks. 

In connection with this subject of recognition markings I made many 
inquiries in Various parts of the State, but I could obtain no satisfactory 
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information regarding it; nor could I find any key to the meaning of the 
scars on the bodies of aboriginals. 

One day when talking with an old lubra and her daughter near Port 



Alligator Tribe. (Photograph bj Mr FoelBcho.) 

Darwin, I gathered that there was some connection between the marks 
across the upper part of the abdomen and the number of children they 
had borne — four and one respectively. I tested this information on other 
blacks and found confirmation of it. Mr Foelsche, who is one of the best 
informed and most exact of ail observers of aboriginals, told me that he 
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knew that ceiiain markings on a woman's back betokened widowhood ; 
and when he showed me his magnificent set of photographs, on which he 
had spent many years of work, and said I might select what I pleased, I 
chtee about a score of specimens illustrating markings on women. These 
accompany this paper. A few days afterwards an old blackfellow, " Ned," 



Larrakeyah Tribe. (Pliotograph by MrFoeleche.) 

called and brought me a message ; and while talking with him I dropped 
the collection of photographs on the grqund, and he helped to pick them up. 
He could not conceal his great interest in the pictures showing the women 
with all their charms as he had known them in his young days ; and I 
rewarded him by exhibiting the photographs one after another, and he read 
off for me the significance of the marks, after this fashion : " Three fella 
picanniny, one fella boy, two fella girl : four fella picanniny, two fella boy 
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die, one fella girl die." On asking him the meaning of a line of short 
incisions from the shoulder inwards and downwards towards the lower end 
of the breast bone, he said, " Sister die." When we came to the widow's 
photograph, he shook his head and looked sorrowful. I said, " Where her 
blackfella sit down ? " He said, " She no got blackfella." I said, " She no 
got Benjamin ? " and he replied, " No more Benjamin." 

In January, 1901, 1 sent a collection of photographs of aboriginals to 
Sir William Turner, which he considered to be of considerable interest. He 
said he had not previously seen a series to illustrate the raised scars, and 
added that it was interesting to see that the custom is not restricted to the 
male sex. There is no doubt that little is known regarding the significance 
of scarring. 

Have the markings in men a similar significance ? I cannot say : I had 
not sufficient opportunity of investigating this aspect of the question. I 
found, however, that in some tribes the first marks are made on the shoulders 
and thighs, and the last across the body at the level of the sternum. I 
was told the Larrakeyahs do not cut on the chest ; that the Victorias do, 
and also the Borroloolas. I asked, " What for cut ? " and was told, " Sup- 
pose it looks pretty: don't know." There is something in the "pretty" 
theory : I have noticed boys of from six to ten years old painted with the 
first markings. In some tribes, if a man dies, some blackf ellow cuts the 
wife and the brother of the deceased (the latter across the abdomen and 
shoulder), and the brother cannot marry that lubra. 

As regards the scars made, these are pathological curiosities, since many 
of the most outstanding are deeply pigmented. It is often stated that 
earth is rubbed into the fresh cuts, and that they are kept open from time 
to time by this process or by other means. I found no confirmation of this ; 
on the contrary, I was informed that nothing is rubbed in, but that the 
incisions are covered with a leaf to keep away flies. 

One cannot reason from analogy that similar markings in men and 
women have similar meanings. Even among. white people, a ring may 
mean marriage or engagement in a woman, and in a man vanity or 
rheumatism. 

Dentition. 

Some years ago, Sir William Turner, when examining an aboriginal skull 
from South Australia, noticed that the incisor teeth were in contact by their 
cutting edges when the condyles of the lower jaw were articulated, and 
placed in contact with the ridge that bounds the back of the glenoid fossa, 
and the teeth clenched. He had also noticed this in a Malay, a Bushman, 
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and an Eskimo.* Sir John Lubbock had observed the same thing in pre- 
historic Danish skulls, indicating, as he said, a peculiar manner of eating. 
In his recent work, in which the Australian skulls in the Anthropological 
Museum at Cambridge are described, Duckworth discusses this question, 
like all other writers, from the point of view of dried skulls, and finds the 
evidence somewhat conflicting. 

It does not seem to have struck any observer to make an examination, 
or a series of examinations, of the living subject, although one wotdd have 
thought this essential to the proper investigation of the subject. Having 
read the latest contributions on this matter while in the territory, I made 
a point of examining a large number of aboriginals of various tribes and 
a number and variety of half-castes. The following is the result : — 

In many tribes I examined, I found that nearly all the natives bite 
" flush." A few, however, overlap with the upper jaw, and a few with the 
lower — a native of Port Keats had the lower slightly overlapping. A 
native of Borroloola had the upper overlapping, but he was said to have a 
mixture of Macassar blood. A woman from Brock's Creek had the upper 
very much overlapping, but the lower was so small as to appear to be 
deformed. I examined three Port Essington "boys." The first had a 
European father and an aboriginal mother; the second a West Indian 
father and an aboriginal mother; the third a European father and an 
aboriginal mother. All three "bite flush." There is said to be a good 
deal of Malay blood among the natives there as elsewhere on the coast. 

A half-caste woman whom I examined bit flush, and her child by a 
half-caste father also bit flush. I found a father (Larrakeyah tribe) with 
projecting upper jaw, while his son had the incisors flush. 

The occurrence of supernumerary teeth calls for some remarks. 
Duckworth, in his work on Morphology and Anthropology (1904), says : 
" Completely-formed accessory molar teeth are not common in the HominidsB, 
although the palate and alveolar arcade in many crania of the aboriginals 
of Australia seem to be spacious enough to accommodate them. It is, 
however, in the cranium of such an aboriginal native that Sir William 
Turner records the occurrence of no less than three accessory molar teeth, 
and such anomalies are more frequent in the Melanesian and Australian 
aborigines than in other Hominidse." 

The skull referred to, which was described by Sir William Turner in 
the Jov/mal of AncUoTny and Physiology, vol. xxxiv., was a skull from 
Morambro Station in this State, which I was fortunate to obtain and to 
present to the Edinburgh University Museum. The other day, on looking 

♦ Journal of Anat, and Phys,^ vol. xxv. p. 461, 1891. 
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over Dr Rogers's collection, I saw a broken skull of an aboriginal which 
he was good enough to give me. It was found by him about eight miles 
from Adelaide. It shows an extra molar on the left side which, though 
of full size, has not erupted. On the right side, about the level of the 
third molar, there is a supernumerary molar of diminished size, possessing 
four cusps, and projecting through the facial surface of the superior 
maxilla. 

These are not the only abnormalities of aboriginal dentition that I have 
lately observed. Several skulls show very marked examples of more or 
less complete division of the root of the first bicuspid tooth ; and one skull 
from the Northern Territory shows that this tooth on the left side had 
a complete inner or lingual root and a grooved outer or labial root, while 
the right one had two separate roots. The general fact to be noted is that 
subdivision of the roots of the bicuspids is almost invariably more marked 
in the first tooth than in the second ; but books on anatomy, with a very 
few exceptions, state the contrary. 

In connection with this subject of dentition among the lower races, 
I may refer to a skull which I recently received from New Caledonia. In 
the upper jaw the " bicuspids " have the characters of permanent molars as 
regards size, roots, and wearing of the enamel. They show, however, the 
bulging above the neck which is characteristic of milk molars ; and their 
true temporary nature is proved by finding the permanent molars exposed 
on trephining the jaw in the region above them. In the lower jaw the 
first bicuspids are normal ; the second have the characters of permanent 
molars as in the upper jaw, but their true temporary nature is also 
detei-mined by the discovery of the imprisoned permanent molars after 
trephining. From extensive inquiries made I believe the conditions 
exhibited by this skull are altogether unique. I hope that Professor 
Cunningham will be able to describe these and other specimens in greater 
detail by and by. 

Speaking of teeth leads naturally to some observations on the mouth. 
Professor Cunningham, when writing to me about a specimen I had sent 
from Professor Watson, said, " I notice in the tongue that patches of the 
mucous membrane are deeply pigmented in the lymphoid region. Is this 
common among natives?" This question of pigmentation also arises in 
connection with malaria. Lofton has described black patches in the tongue 
which he considers to be diagnostic of malaria. I took an opportunity of 
examining several blacks, and found that pigmentation of the tongue and 
mouth is not uncommon. One good-looking girl, " Rosie," the belle and 
the flirt of the tribe, showed large black patches on each side of the tongue. 
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their long axis being transverse to the margin ; and she had numerous large 
black spots inside the lips and cheek. 

A male aboriginal from Brock's Creek presented a pigmented appear- 
ance of the gums near the incisor teeth. This was found to be due to 
varicose veins ; and a very peculiar appearance of the nose was found to 
be due to the same cause. 

SUBINCISION. 

Circumcision is practised by some tribes but not by others though 
living in close proximity. The mode of circumcision and the details 
associated with it differ in the various tribes that practise the rite. Among 
the Port Keats natives, the king performs the ceremony ; the prepuce is 
nicked all round and removed. It is then put into a shell, which is closed 
up by gum, and this is hung alongside the penis until the wound is healed. 

For several years I had been puzzled regarding some points connected 
with the . operation of subincision. About eight years ago I saw an 
Adelaide specimen subincised to the extent of an inch. This I sent to 
Sir William Turner. Recently Professor Watson gave me another 
specimen, from Central Australia, which I presented to the Anthropological 
Museum of Edinburgh University in his name. Both of these, so far as 
appearances go, might have been specimens of natural partial hypospadias. 
I saw, however, in a deeply scarred man from Borroloola in the Northern 
Territory, a partial incision which terminated posteriorly to the right of 
the urethra, and presented an appearance quite different from that of 
a natural hypospadias. An old blackfellow gave me the explanation of 
this, so far as that tribe was concerned. The first operation performed on 
a young man is circumcision. A year or so after, a partial subincision is 
made ; and the next year the subincision is made complete. 

Mutilation of the Finger. 

The custom of mutilating the finger of girls in some tribes is well known. 
I have never seen reference to any but the index finger of the right hand. 
When speaking with Mr Foelsche on this matter, I remarked that I had 
seen the left finger mutilated. He could not recollect ever having seen or 
heard of this, and thought I must be mistaken or that the occurrence was 
accidental. In order to make sure I retraced my steps, and in a short time 
found three instances, which I photographed. An old native called William 
gave me some information about this peculiarity. He said that when the 
cutting is done at once, it is the right hand finger that is cut ; but when 
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one week or more is allowed to pass, then they cut the left. Cutting in 
the young is done by means of a mussel shell. In the grown up, amputation 
is performed by means of a spider's web ligature. This is put round the 
finger and tightened at intervals so as to eat into the joint, which it does 
in the course of five or six days. After a time the piece of the finger drops 
off. If it does not drop off, the finger sometimes remains bent. 

I had been informed by whites that the finger was bent strongly and 
the ligature applied to it in that position, and that ulceration began in the 
skin over the projecting part ; but I could obtain no confirmation of this 
from the blacks. I have also heard it stated that the mutilation is inflicted 
only at marriage. Of this I found no confirmation from the aboriginals 
whom I questioned. 

At Brock's Creek I saw a black youth who had lost the terminal phalanx 
of his right forefinger, and who had a deep constriction on the middle 
phalanx. On inquiry I found that this was due to the lad having put on 
an iron ring so tightly that he could not get it off, and the result was as 
stated. 

The Foot of the Aboriginal. 

In 1893 I had occasion to make a series of investigations into the 
structure and functions of the lower extremity of the human subject. The 
results I embodied in a thesis which was not published at that time. Some 
statements in it were suggested by certain strictures made by Mr Ellis of 
Gloucester upon artistic work, or, as he would probably have preferred to 
term it, artists* work. 

In dealing with the action of the toes I remarked that the use of the 
great toe is taken advantage of in many actions, involving special muscular 
effort or special dexterity in maintaining equilibrium, or in certain actions 
of the foot that have a resemblance to graaping. This is often illustrated 
in art, as in Leighton's " Athlete struggling with a Python," and Myron's 
" Discobolus." The same thing is noticed in literature : " He sat with his 
foot bent down, and the nails set into the ground to give him foothold, even 
as a bird turns its claws inwards as it sits on a branch " (S. R. Crockett : 
Mcid Sir Uchtred of the Hills, chap. ix.). I went on to say: "In 
making these statements I am fully aware of Ellis's criticism that such 
positions, if not 'impossible,' are 'unnatural' and *bad art.' But such 
criticism is the outcome of a particular way of looking at the study of 
function. Some writers, studying the structure of the foot, cannot free 
themselves quite from the trammels of long habit, and yield to the tempta- 
tion to deduce function from structure instead of from action. So confident 
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are they of the correctness of their method and the truth of their results 
that they do not hesitate to lay down the law regarding what careful 
observers ought to see. Artists, who follow the established yet ever re- 
tested representations of the human body as it appears at rest or in action, 
are taken to task for representing the unnatural and impossible, and are 
excused by those writers only on the ground that they have formed bad 
ideals and employed bad models. I confess I have more faith in the results 
of a few thousand years of careful observation by artists of what is than in 
any deduction of what oiight to be" 

Oh my recent joumeyings amongst the Filipinos, my attention was 
directed to the dexterity of some of the native races with their feet. After- 
wards when examining the blacks in the Northern Territory I was struck 
with the great width of the fore, part of the foot in many natives, the 
looseness of the great toe, and the power of grasping which was exhibited. 
Most natives are as ready with a foot as with a hand. A man or woman 
when talking will drop a pipe ; immediately the toes close on it, and with 
a quick movement it is passed up behind the other leg into the hand which 
is hanging down at the outside of the opposite thigh. 

No more complete refutation of Ellis's views could well be afforded than 
by this condition of the Northern Territory blackfellow's foot, which shows 
only a difference in degree in a structure that is present, and of action that 
is possible, in the foot of the white subject. 

Since my return, and since lecturing on the subject to the Field 
Naturalists' Society at the University here, I see a report that Professor 
ELlaatsch has been studying in detail what he regards as an extreme 
instance in an aboriginal among the prisoners from Port Keats in the gaol 
at Port Darwin whom I had examined and photographed. 

Too much stress must not be laid on the occurrence of a single case of 
this sort when discussing the affinities of the Hominidae ; but should large 
numbers or whole tribes be found similarly constituted, then the case is 
different. 

Writing. 

In the Palmerston Hospital during my visit there was a black boy, 
named Spider, suffering from " ulcerating granuloma pudendi." One day 
the nurse, found him carving a small piece of wood, and asked him what he 
was doing. He said he was writing a letter to send to his father. She 
asked what he had said, and he replied that he had written that he was 
sorry to say he was no better. She told him she thought he was somewhat 
better ; so he took another stick and began to carve a message that " Missie " 



62 Proceedings of the Royal Society of Ekiinburgh. [Sess. 

thought he was a Uttle better. The nurse was good enough to procure the 
first letter for me (see accompanying figures). One day I happened to be 
talking with a very intelligent blackfellow, and I asked him, " You savee 
writing ? " He said, " Yes : me savee writing." I handed him the stick and 
said, " You savee this one writing ? " He took it in his hand, looked at it 
carefully on both aides, seemed disappointed, and said at length, " Me no 
savee Borroloola writing." He was right. I found that Spider, the writer 
of the letter, was a Borroloola boy. I then asked him about the kind of 



Maaiag«-»tick — Aborigiusl " Yabb«r-atiok," flat mde. " Yabber-stick, " rounded aide. 

writing to be found in his tribe ; and he told me the only sort they recog- 
nised was a message to the effect to come along because there was to be a 
big fight. He said this communication consisted of a small piece of bamboo 
with a thread tied round and then passed through it. There would appear 
to be considerable differences, even among very nearly adjacent tribes, in 
literary advancement, so far as writing is concerned. 

Was this letter from Spider, like some of the smoke signals the 
aboriginals use, merely a preconcerted sign, or can some of these tribes 
arrange and combine elementary characters or signs so as to convey 
comple. 
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"Singing Dead." 

The custom of pointing the death-bone is well known. The thing 
pointed is not always a bone : in some places a piece of wood is used. In 
parts of the Territory, if the victim does not die within a reasonable time, 
his tribe fellows gather together, sit round him, and "sing him dead." 
This peculiar custom seems to be little known. 

What strikes one forcibly when moving among these blacks is their 
restlessness. They shift camp on the least provocation, or for no cause that 
one can discern. When you ask where a certain blackf ellow is, you are 
told, " Him wuk alonga Mr So-and-so's." You don't know whether the 
word is " walk " or " work," but it amounts to pretty much the same thing. 
The blacks will work for a day, a week, a month, so steadily that you think 
they have become domesticated, or at least domiciled ; then one day they 
are missing, and nothing will induce them to return, unless they are allowed 
to take a " spell " of rest or wandering when the sjrmptoms of restlessness 
begin to manifest themselves. This restlessness is characteristic of all 
Australian blacks, and stands out in strong contrast to most South Sea 
Islanders, who are examples of extreme stayers at home. This is probably 
the one universal character among Australian aboriginals. As regards 
local characters and customs, the student cannot be too careful. Anthro- 
pology has suffered much from assuming that what is true of one tribe is 
true of another, especially if it has lived in close proximity. It is a safe 
rule in dealing with aboriginals never to reason fi'om analogy, but to write 
down every fact, with the informant's name and the exact locality or tribe 
to which it refers, and then to verify and reverify it. One will generally 
be right in affirming and wrong in denying. 

The blackfellow is difficult to understand. You think you know him, 
but you don't. You believe you have got the better of a blackfellow when 
you have forced him to work and hear him going about it, singing in his 
native tongue. But the song is composed of all the curse- words he knows, 
and a history, accurate or hypothetical, but in any case not creditable, of 
you and your ancestors. The more we know of the blackfellow the more 
we are convinced that there are whole subterranean rivers of anthropology 
unmapped and untapped. 
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X.— The Functions of thp Bolandic Cortex in Monkeys. By W. A. 

Jolly, M.6., and Sutherland Simpson, M.D., D.Sc. {From the 

Physiological Laboratory, University of Edinbv/rgh.) Cow/mwni' 
cated by Professor E. A. Schafer, F.R.S. 

(MS. received March 1, 1907. Read March 18, 1907.) 

The Bolandic cortex is discussed in the following paper, and an account 
is given of experiments on monkeys, performed with the object of mapping 
out this region more accurately and of delimiting in it the areas concerned 
with movements of different parts of the body. The method employed is 
a new one, and will be described in detail. 

The theory that the functions of the brain reside in distinct areas in its 
substance was advanced in early times. Proof that this theory is correct 
has only been obtained comparatively recently. 

It was known to the Greek physicians that each hemisphere of 
the brain presides functionally over the opposite side of the body. 
This was evident to them from the situation of paralysis and the 
nature of convulsions which follow upon injuries to a hemisphere. 
Further, they believed, from the study of monoplegias, that the move- 
ments of different groups of muscles have their source in different regions 
of the brain. 

The sensibility of the cerebral cortex to excitation was not known to 
the Greeks, and remained unknown until our own time. 

During mediaeval times localisation of function in distinct parts of the 
brain was accepted as a fact on the authority of the Greeks, and support 
was lent to the belief by clinical observations on the effects of injuries in 
producing loss of speech or of memory. 

Willis, in the year 1682, writing in terms of the theory current at that 
time, that namely of the production and distribution of animal spirits, 
located in the cortex of the brain the function of initiating voluntary 
muscular movements, and regarded the central part of the cerebrum, the 
spinal cord, and the nerves as the pathway through which the cortex 
exercises its function upon the muscles. 

Attempts which were made in the dawn of the era of physiological 
experiment to elucidate the facts were unsuccessful. 

Haller (1776) came to the conclusion that the function of producing 
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muscular movements does not lie in the cortex cerebri but in the deeper 
parts of the brain.* 

Rolando,f the pioneer in electrical stimulation of the brain, although he 
obtained violent muscular contractions by the passage of a galvanic current, 
where one electrode was introduced into the substance of the hemisphere, 
was unable, owing to the imperfection of his methods, to reach definite 
conclusions. 

Among more modem experimenters, Bouillaud J described experiments 
which rendered it probable, in his opinion, that cerebral fimctions are 
located in distinct areas. Flourens,§ on the other hand, whose method of 
investigation consisted in removing portions of the cerebral lobes, was 
unable to obtain any evidence of localisation of function, and concluded that 
the cerebral lobes co-operate as a whole in the full and complete exercise of 
their functions. 

The experiments of Flourens and others were held generally to have 
disproved the doctrine of localisation of function, and with regard to motor 
localisation in the cortex, Broca expressed the accepted opinion prior to 
1870 in the words : " Nul n'ignore que les circonvolutions c^r^brales ne sont 
pas des organes moteurs.'* || The many attempts 1 which had been made 
to obtain muscular movements in response to irritation of the cerebral 
hemispheres, had been unsuccessful. 

Little better success attended the efforts made before 1870 to 
establish the theory of cortical localisation by means of pathological 
evidence. Hughlings Jackson** and Bastian,ff from a consideration 
of cases of epilepsy and paralysis, adduced evidence in its favour. 
Hughlings Jackson found in epilepsy a definite succession or " march " of 
movements of the limb muscles. Thus he determined that when a move- 
ment begins in the digits of the hand, it affects successively the wrist, 

* *^ Non ergo videtur plenam perfectamque causam motub musculosi in cortice cerebri 
habitare : cum praeterea plurima experimenta demonstrent, prof undo demum loco et a 
cortice cerebri valde remoto meduUam Isedi oportere, ut convulsio superveniat." — Elementa 
Phygiologice^ torn. iv. lib. x. sec. viii. § 23, Naples, 1776. 

t Saggio sopra la vera struUura del cervello e sopra lefunzioni del sistema rvervosOy 1809. 

I Journal de Physiol, experim.^ 1830, t. x. p. 91. 

§ Recherches expertmentales sur les propriety et les fonctions du sysihne nervettx dans les 
animaux verMr^, Paris, 1842. 

II Bulletins de la Soc, ancUomique de Paris, 1861, 2« s^rie, tome vi. p. 355. 
IF Budge, Untersuchungen vber das Nervensystem, Frankfurt, 1842. 

Longet, Anat. et Physiol, du systhne nerveux, Paris, 1842. 
Matteucci, Traite des pkenomhies ^lectrophysiologiques, Paris, 1843. 
Weber, Wagn^s Handwdrterbuch der Physiologiej Bd. iii. 
Schiff, Lehrbuch d. Physiologie, 1858. 
♦* London Hasp. Rep., 1864, vol. i. p. 459. tt Joum. Ment. Sc, London, 1869. 
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elbow, and shoulder, while on the other hand, when the shoulder move- 
ment takes place first, the march proceeds downwards towards the 
digits. 

Broca,* by means of clinical and pathological observations in cases of 
aphasia, localised the function of producing articulate speech in the posterior 
part of the third frontal convolution of the left hemisphere. Doubt has 
recently been cast upon the correctness of this localisation by the observa- 
tions of Marie,f and the question may, in view of his work, be regarded as 
still open. 

To Fritsch and Hitzig J is due the establishment, upon a basis of ex- 
perimental evidence, of the doctrine of localisation of function within the 
cerebral cortex. To their work also we owe our knowledge that the cortex 
is excitable by electrical stimuli. These observers, who worked on the dog, 
proved that an area of the cortex in the neighbourhood of the crucial 
sulcus might be mapped out by electrical stimulation from the rest of the 
brain. They proved that this area in one hemisphere governs the muscular 
movements of the opposite side of the body, and that the movements of 
different groups of muscles have their source in motor centres lying separate 
from each other within the excitable area. Further, they found that when 
the centre whose excitation elicited definite movements is extirpated, the 
voluntary production of these movements is impaired. 

Fritsch and Hitzig employed the galvanic current, finding that they 
obtained less constant results by the use of the faradic current. The latter 
method of stimulation has, however, been shown to be preferable for 
accurate work, and was the form used by Ferrier. Ferrier § confirmed the 
results of Fritsch and Hitzig on the dog, and applied the method of electrical 
stimulation to the brain of the monkey and other animals. 

According to Ferrier, movements of the limbs and face can be obtained 
by stimulation of an area on the convexity of the hemisphere comprising 
the ascending frontal and parietal gyri and part of the angular gyrus. 
Within this region lay centres which he represented as areas roughly 
circular in outline, stimulation of which produces definite movements of 
groups of muscles. In front of this region Ferrier described an area 
bounded anteriorly by a line drawn at right angles to the anterior extremity 
of the precentral sulcus and posteriorly by a continuation of the precentral 
sulcus upwards to the longitudinal fissure, stimulation of which causes 

* Loc, cit., p. 330. - t La Semaine mMicaley 1906. 

X " Ueber die elektrische Erregbarkeit des Grosshirns,'* Arck, /. Anai,^ PhysioL, u. 
iDissensch. Med,, 1870, S. 300. 

§ Proc. Roy. Soc, London, 1874, vol. xxii. p. 229 ; 1875, vol. xxiii. p. 409. 
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opening of the eyes, dilation of the pupils, and movements of the head and 
eyes to the opposite side. 

Subsequent to Ferrier's work, Hitzig * also investigated the monkey's 
brain by electrical stimulation. He difiFered from Ferrier in that he 
restricted the area governing the movements of limbs and face to the 
ascending frontal convolution. Within this gyrus Hitzig described motor 
centres for the lower and upper extremities, the face and the mouth, tongue 
and jaws. The position of these centres was only approximately correct. 
Thus Hitzig placed a centre concerned with movements of the ear and 
closure of the eyes above the inferior genu of the Rolandic fissure, and the 
highest point of the precentral fissure in an area of the cortex which was 
afterwards clearly shown by Horsley and Schaf er f to be embraced in the 
centre for the upper extremity. 

Fender's results were confirmed by, among others, Luciani and 
Tambourini,J who came to the conclusion that the excitable areas for the 
limbs and face in monkeys are not limited to the ascending frontal convolu- 
tion, as maintained by Hitzig, but that Ferrier was right in considering that 
they extend also to the ascending parietal and angular gyri. This view of 
Ferrier, that the motor areas extend behind the fissure of Rolando, which, 
as we now know, does not hold good, was generally accepted and greatly 
influenced subsequent work. 

The next advance in motor localisation in the monkey was made by 
Horsley and Schafer,§ who established the fact that the excitable area 
extends to the mesial face of the hemisphere. Ferrier had found in one 
case that irritation of the fronto-parietal portion of the marginal gyrus 
gave rise to muscular movements. Horsley and Schaf er, using interrupted 
induction shocks with the coil fitted with Helmholtz's side wire, showed 
that minimal stimuli elicited from part of the convolution " contraction of 
perfectly definite groups of muscles, or in some cases of single muscles, 
producing more or less co-ordinated movements," thus proving that the 
marginal gyrus contributes to the true motor area. They supported their 
conclusion by extirpating the excitable area in this convolution. The out- 
standing result of this experiment was distinct paralysis of the leg. The 
animal was able to assume and maintain a nearly normal attitude and to 
employ its arm for the purpose of progression. 

The motor areas in the ascending frontal convolution were also for the 
first time correctly delimited by the same observers. They showed that 

♦ UrUerauchungen uber das Gehirn, Berlin, 1874. + Phil. Trans,, 1887. 

X Eicerche sperimerUali sui centri psico-motori corticali, 1878. See also Brain, London, 
1879, vol. i. p. 529. 

§ Proc, Roy. Soc., London, 1884, vol. xxxvi. p. 437. Phil. Trans., 1887. 
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the boundaries between these areas could be represented by lines drawn 
antero-posteriorly across the ascending frontal convolution, the leg area 
having its lower boundary on the convex surface of the hemisphere in a 
line drawn from the posterior termination of a small sulcus which lies on 
the upper portion of the frontal lobe in the monkey, and which had been 
described and designated X by Schafer,* to the fissure of Rolando. With- 
in the arm area Horsley and Schafer showed that the order of representa- 
tion from above downwards was shoulder, forearm, wrist, and fingers. 
Within the face area which they showed comprised centres not only for 
facial muscles, but also for the whole of the upper part of the alimentary 
tube, they demonstrated that stimulation at its upper extremity produced 
movements of the upper face muscles, the eyelids and alsB nasi moving 
when the electrodes were applied in this position. Ferrier had taken the 
view that retraction of the angle of the mouth was the characteristic 
response of the upper extremity of the face area. Close to the margin 
above the sulcus X a small area was delimited from which, and from the 
adjacent cortex on the mesial aspect, movements of the tail and trunk 
could be obtained. This centre, which the authors denominated the trunk 
area, will be more particularly referred to later. 

In the frontal lobe the authors described a region which they termed the 
head area or area for visual direction. It extended from the margin of 
the hemisphere, round which it dipped for a short distance, outwards and 
somewhat backwards to the upper and anterior limit of the face area. 
Posteriorly it was bounded by the arm area and in front by the non- 
excitable portion of the lobe. Excitation of this area caused movements of 
the head, and from a part of it, as Ferrier had shown, opening of the eyes, 
dilation of the pupils, and turning of the head to the opposite side with 
conjugate deviation of the eyes to that side. 

The localisation of definite movements within the areas was further 
studied by Beevor and Horsley ,f who found that the succession of movements 
in the joints was similar to that described by Hughlings Jackson as 
occurring in epilepsy. In the earlier part of their work these authors 
assumed a very extensive motor representation of the thumb, considering 
that thumb movements could be obtained by stimulation over a large 
portion of the face area. Later they represented this centre as restricted to 
the lower part of the arm area. 

* Journal of Physiology y vol. iv. p. 316. This sulcus is considered by Cunningham to be 
in all probability a representative of the sulcus precentralis superior or of the basal part of 
the first frontal sulcus (Cunningham Memoirs^ Royal Irish Academy, 1892, p. 2S1). 

t Phil, Trans., 1887, 1888, and 1894. 



1906-7.1 Functions of the Rolandic Cortex in Monkeys. 69 

■J V 

Beevor and Horsley * extended their investigations to the brain of the 
anthropoid. They came to the conclusion that the excitable area in the 
cortex of the orang-utan — the animal employed by them — was less in 
extent than had been believed to be the case in the lower ape, and that it 
was much interrupted by spaces from which no effect could be obtained 
even by the application of strong stimuli. The upper third of the ascend- 
ing parietal convolution, and the part of the paracentral lobule behind a 
continuation over the margin of the upper end of the Bolandic fissure, they 
found entirely or almost entirely inexcitable. The lower portion of the 
ascending parietal convolution they considered to form part of the motor 
area. In the frontal lobe the only excitable area found by them lay 
immediately in front of the precentral sulcus, and its stimulation caused 
turning of the eyes to the opposite side. 

Griinbaum and Sherrington f investigated the cerebral cortex in the 
orang, gorilla, and two species of chimpanzee {Troglodytes niger and 
Troglodytes colvus). The method adopted was that which Sherrington had 
used X in his work on the cortex of the lower apes, viz., unipolar faradisa- 
tion. These observers found in these animals that the motor area is 
continuous, that it embraces the whole length of the ascending frontal 
convolution, extending above over the margin to include part of the mesial 
surface of the hemisphere, stopping short, however, of the calloso-marginal 
fissure, and that its posterior boundary lies within the Rolandic fissure. 
In no case did the motor area extend into the ascending parietal convolu- 
tion, although occasionally the posterior wall of the fissure of Rolando was 
found to be excitable. It was found impossible to obtain muscular move- 
ments by stimulation of the ascending parietal convolution when the 
ascending frontal convolution had been destroyed. § 

Within the motor area it was found possible to localise, among others, 
movements of the nostril, palate, chest wall, anal and vaginal orifices. 
Inhibition effects were also obtained. The anterior boundary of the motor 
area could not be represented as a definite sharp line, but the excitable area 
was found to fade off* gradually in an anterior direction. Conjugate devia- 
tion of the eyeballs was caused by stimulation of a region in the frontal lobe 
separated from the Rolandic motor area by a field of inexcitable cortex. 
The reactions of this region differed markedly from those of the Rolandic 
motor cortex, and it was placed by the authors in a different category. 

* Phil Trans,, 1890. 

t Ptoc, Roy. Soc, London, 1901, vol. Ixix. p. 200. 

I Ibid., 1893, vol. lii. 

§ Ibid., 1903, vol. Ixxii. p. 152. 
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Their work on the anthropoid brain led Qrlinbaum and Sherrington to 
emphasise what had been pointed out by Schafer,* that the fissures in the 
neighbourhood of the Rolandic area, from the inconstancy of their position, 
form unreliable guides to functional regions. They excepted from this 
rule, however, the two genua of the Rolandic fissure. The upper genu, 
termed by Sherrington the cruro-brachial,f waa found to lie opposite the 
space intervening between leg and arm areas and the lower or brachio- 
facial between arm and face areas. 

Subsequent to these observations upon anthropoids, RothmannJ de- 
scribed experiments which led him to the conclusion that in Macacus the 
motor area extends to the ascending parietal convolution. He found that 
limb movements followed stimulation thereof with weak currents, and that in 
some cases movements of the thumb were produced more readily by stimula- 
tion behind the fissure of Rolando than in front. He further found that, after 
destruction of the excitable precentral cortex, stimulation of the parietal 
convolution still produces movements of the thumb, fingers, and forearm. 

The views of this author were opposed by Brodmalin,§ and are not 
supported by the recent work of Vogt nor by our own results. 

In view of the results obtained by GrUnbaum and Sherrington in the 
anthropoid, it appeared to us advisable to attempt more accurately to 
delimit the cortical motor centres in monkeys. We desired to determine 
whether the movements which can be obtained in these animals by stimula- 
tion of the ascending parietal and other convolutions found to be non-motor 
in the anthropoid, warrant the inclusion of these convolutions in the motor 
area, or whether they are to be explained as due to a spread of current to 
the adjacent excitable cortex. With this object we made a number of 
experiments on monkeys, using species of Macacus and Callithrix. The 
method adopted, which was suggested to us by Professor Schafer, was as 
follows : — The animals were anaBsthetised throughout the experiment with 
ether. A skin flap was turned down and the skull trephined over the 
fissure of Rolando on the left side. The opening was then enlarged with 
bone forceps, the dura incised, and the convolutions exposed. After ex- 
ploration of the Rolandic area by means of unipolar faradisation, in which 
we employed an electrode kindly given to us by Professor Sherrington, we 
determined the minimum strength of stimulus which produced muscular 
movements on application of the electrode to either side of the fissure of 

♦ Festschi-ift zu Karl Lud\cig^ Leijjzig, 1887. 

+ The Integrative Action of the Nervous System, London, 1906. 

X Neiirologisches CentraWlatty 1904, Xo. 14, p. 668. 

§ Ibid., p. 669. 
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Rolando. A thin plate of vulcanite, one edge of which had been sharpened, 
was then inserted into the cortical substance at the bottom of the fissure of 
Rolando. Stimulation was applied to the posterior wall of this fissure and 
to the ascending parietal convolution. No response was now obtained from 
this part of the cortex, while application of the electrode to the part of the 
ascending frontal convolution in front of the vulcanite plate was followed 
as before by movements of muscles. The isolating plate was inserted to a 
depth which would permit of its dividing the grey matter without pene- 
trating the underlying white substance. In some of these experiments we 
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also employed the bipolar method of stimulation, using platinum points '5 
mm. apart. 

The same method of isolation was applied to the determination of the 
boundaries of the centres in front of the Rolandic fissure. 

We also, with the object of limiting the spread of current, made use of 
brass plates whose edges were placed on the surface of the cortex and 
which were connected to earth by wires. 

We found, as previous investigators have done, that implicit reliance 
cannot be placed on the sulci as guides in cerebral topogi-aphy. We 
accordingly measured and sketched the sulci rapidly after exposure of the 
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RoJandic cortex of one hemisphere, marking upon the sketch the position 
of points stimulated. In order to obtain a composite picture of the relation 
of the areas to the convolutions, we transferred our markings of the results 
of each experiment to the hardened brain of a Macacus and photographed 
them. 

Our results are shown in figs. 1 and 2. 

During the course of our investigation, Sherrington has published a 
diagram of the convexity of the hemisphere of Cercopithecus callithrix * 
which illustrates the changes produced by tetanus toxin in the functional 




Fig. 2. 



topography of the motor cortex. The outlines of the various centres 
depicted in this diagram show that this observer had, by the use of unipolar 
faradisation, arrived at conclusions with regard to the areas figured by him 
similar to those which we have reached by our method of isolation. 

Vogt f also, in a recent paper, states that he has confirmed Sherrington's 
results by unipolar faradisation in the orang, and records stimulation 
experiments on the lower apes with results which accord with those of 
Sherrington and are similar to those which we have obtained. 

* The Integrative Action of the Nervous System, p. 297. 

t Anatomischer Anzeiger, Erganzungsheft zum xxix. Bd., 1906, p. 74. 
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The excitable areas and their boundaries, as determined by us, are 
briefly as follows : — 

On the convexity of the hemisphere close to the margin of the 
longitudinal fissure lies a small area superior to sulcus X, and separated 
from it by part of the leg area, from which movements of the tail and 
perineum are obtained, and in association with these, movements of the 
muscles of the trunk. 

The area for the leg is situated partly on the mesial aspect and partly 
on the convexity of the hemisphere. On the mesial aspect it occupies part 
of the marginal convolution, extending posteriorly from a continuation 
over the margin of the Bolandic fissure to a point in front corresponding to 
the anterior extremity of sulcus X. Below, it extends almost to the 
calloso-marginal fissure. From this part of the marginal gyrus movements 
of the lower extremity are obtained, chiefly of the foot and digits. On the 
convex surface the centre for the leg covers an area extending from the 
margin to a line drawn antero-posteriorly from the posterior extremity of 
sulcus X to the upper border of the superior genu of the Rolandic fissure. 
This area, which is wider above than below, extends in front to the 
anterior extremity of sulcus X. 

Below the leg centre, and interposed between it and the arm centre, is a 
small area lying at the level of the superior genu of the Rolandic fissure 
and extending forwards almost to the posterior extremity of sulcus X, from 
which can be elicited movements of the body muscles. 

Movements of the arm are obtained by stimulating over an area stretch- 
ing from the lower boundary of the body centre to the level of an oblique 
line drawn from a little below the sagittal part of the precentral fissure to 
the Bolandic fissure at the level of the inferior genu. 

The face centre extends from this line downwards almost to the 
Sylvian fissure. The posterior boundary of the face area is in its upper part 
the fissure of Rolando. In its lower part the excitable area does not quite 
reach this fissure posteriorly, but leaves it as the latter inclines backwards, 
and finds its limit behind in a line drawn directly downwards. 

From the upper portion of the face area a small part can be cut off 

^^retching from its upper boimdary downwards for a distance of about 

nm. in the average brain. Movements of the neck result from stimula- 

this part of the cortex in its anterior half and movements of the 

n its posterior half. In the remaining part of the face area from 

wnwards we obtain movements of the upper lip, larynx, opening 

closure of mouth, tongue movements, and those of mastication. 

-erior boundary of the excitable area is that which we found 
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most difficult to determine accurately. In its lower part it con^esponds 
nearly with that figured by Horsley and Schaf er. In its upper part it lies 
more posteriorly. 

In the frontal lobe there is an area lying below the horizontal part of 
the precentral sulcus and in the angle of that sulcus, stimulation of which is 
followed by opening of the eyes and deviation of head and eyes to the 
opposite side. Above the horizontal part of the precentral sulcus, between 
it and the margin, there is an ill-defined region within the frontal lobe 
from which movements of the head can be caused. In our experience this 
region gives less definite and constant response to stimulation than the area 
lying in the angle of the precentral sulcus. We were unable to study the 
eye-movements in detail, as we were not fortunate in obtaining monkeys 
with exceptionally large and well-developed brains, a condition which has 
been shown by Mott and Schaf er* to be necessary for their precise 
differentiation. 

The area which we have described as lying close to the margin, and 
from which movements of tail, anus, vagina, and of the trunk are obtained, 
requires further mention. It corresponds with the area on the convexity 
of the hemisphere described by Schaf erf as responding with movements 
of the trunk and tail, and which is named by him the trunk area. 
The centre for movements of the trunk in monkeys was pla,ced in the 
prefrontal lobe by Munk,J who stated that he obtained contractions of 
the muscles of the back, abdomen, and diaphragm by stimulation of this 
part of the brain. He further stated that extirpations in this region are 
followed by paresis of the trunk muscles. These results were not confirmed 
by Horsley and Schaf er,§ who found no permanent paralysis to result from 
ablations in the anterior part of the frontal lobes. They pointed out that 
the movements of the trunk observed by Munk are to be attributed to the 
spreading of the strong currents which he employed to other regions of the 
brain. 

VogtII applies the term trunk centre to the area which we have 
described between the areas for the lower and upper extremities at the 
level of the superior genu of the Rolandic fissure. This area is indicated 
in Sherrington's figure 1[ of the monkey's brain by the word " Body." 

Our experiments confirm what is stated by Horsley and Schaf er, that 
movements of the trunk can be elicited from an area close to the margin of 

♦ Brain, vol. xiii. p. 165. t Text-book of Physiology^ vol. ii. p. 741. 

t Ueber die Functionen der Grosskimrinde, Berlin, 1890, p. 51. 
§ PhU. Tram., 1888, p. 4. || Loc. ciL 

IT The Integrative Action of the Nervous Sustem, p. 297. 
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the longitudinal fissure. These movements take place in association with 
those of the tail and perineum, and chiefly affect the muscles of the 
back. 

It is necessary to consider how far the results here detailed are in 
accordance with those obtained by other methods of research. 

With regard to the posterior boundary of the Rolandic motor area, it is 
to be noted that impairment of voluntary movements of groups of muscles 
follows upon extirpation of the corresponding motor centres in the 
cortex. 

Griinbaum and Sherrington have found,* on extirpating areas in the 
ascending frontal convolution in the anthropoid, that severe but diminish- 
ing paralyses result. Thus after destruction of the hand area the hand 
remains paralysed for several days. This paralysis passes off, until after a 
week or two the ape is able to make use of the hand for voluntary move- 
ment. No paralysis, not even of a passing nature, succeeds ablations of 
large portions of the ascending parietal convolution. 

We have performed a number of experiments on monkeys, in which we 
have destroyed one or other of the motor areas as delimited by us in the 
ascending frontal convolution and obtained paralysis of the corresponding 
part of the body, complete at first but passing off as in the experiments of 
Griinbaum and Sherrington. 

Vogt f records eleven extirpation experiments on monkeys. In five of 
these the lesions involved the cortex anterior to the fissure of Rolando, and 
in six the lesions were made posterior to that fissure. Motor paralysis 
followed only upon lesions in front of the fissure. In the other cases, 
while movements of the affected limb could be carried out, the author 
states that these movements were ataxic. 

It is known that lesions of the motor cortex are followed by degenera- 
tion of nerve fibres in the pyramidal tract. Various experimenters have 
described degeneration resulting from lesions in front of, and also behind, 
the fissure of Rolando. 

Melius I describes experiments on Mdccicna sinictus in which he removed 
a portion of cortex from the ascending parietal convolution between the 
lower extremity of the intraparietal sulcus and the fissure of Rolando and 
a little above the inferior genu of the fissure of Rolando. He found 
degenerated fibres both coarse and fine passing from the lesion downward 
through the centrum semiovale and present in the posterior limb of the 
internal capsule. 

♦ Proc. Roy. Soc., London, 1901, vol. Ixix. p. 207. t Loc, cit. 

t Proc. Roy. Soc., London, 1895, vol. Iviii. p. 206. 
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Sherrington * states that he is unable to find any unequivocal degenera- 
tion as a result of large lesions of the post-central gyrus in the anthropoid. 

Vogt,f working on lower apes, arrives at results differing from those of 
the last named author. He finds degeijerated fibres in the internal capsule 
as a sequel to lesions whether made anterior or posterior to the fissure of 
Rolando, but the position of the degeneration is different in the two cases. 
The degeneration in the internal capsule, resulting from ablations in the 
ascending frontal convolution, finds its posterior limit in horizontal section, 
according to this observer, at the level of the oral end of the nucleus 
ventralis lateralis posterior, while ablations of cortex in the ascending 
parietal convolution give rise to degeneration posterior to this level. The 
author brings forward evidence in support of his view that the line 
separating the areas in the internal capsule presenting degeneration in the 
two cases forms an important boundary between two distinct systems of 
fibres. 

Such divergence m results, as regards paralysis and degeneration, 
produced by lesions in front of and behind the fissure of Rolando, are in 
favour of our ascribing different functions to the ascending frontal and 
ascending parietal gyri. 

We have next to consider what support, if any, for our views of the 
extent of the motor area can be drawn from a study of the myelination of 
the nerve fibres. 

It has been shown that the ascending frontal and parietal convolutions 

are alike characterised by early development of myelination. FlechsigJ 

depicts the ascending frontal and the anterior part of the ascending parietal 

convolutions in man as onfe area, whose posterior boundary thus lies near 

the middle of the ascending parietal convolution. The anterior boundary 

of this area corresponds nearly with the anterior limit of the Rolandic 

excitable cortex, but the posterior boundary does not coincide with any 

dividing line arrived at by the method of electrical excitation. Further, 

the posterior boundary does not correspond, as we shall presently see, with 

any change in the histological structure of the cortex, but lies near the 

middle of an area which has been delimited by histological methods and 

named by Brodmann § the area culminis. This area culminis corresponds 

to the caudal part of the post-central area, together with the oral part of 

the intermediate post-central area of Campbell. || 

* The Integrative Action of the Nervous System^ p. 277. t Loc, dt. 

X Gehim und Seele, Leipzig, 1896, Taf. iv. 

§ " Beitrage zur histologischeii Lokalisation der Grosshirnrinde," Joum, /. P»ych. u, 
Neurol, 1903-1906. " Diskussion," Neurol CentraWl, 1904, p. 669. See also Vogt, loc, eit. 
Histological Sttidies on the Localisation of Cerebral F^mdiony Cambridge, 1905. 
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No indication appears to be afforded by the study of myelination of the 
boundary between areas of the cortex, which is shown by the method of 
electrical excitation to lie within the fissure of Rolando. 

Considerable advances have been made in recent years in the study of 
the histological structure of the cortex cerebri, and areas have been mapped 
out upon it by Brodmann, Campbell, and others characterised by differences 
in the arrangement of fibres and in the size, shape, and position of the 
cells. 

An area in the ascending frontal convolution and adjacent portion of the 
marginal convolution is found to differ with regard both to fibre and cell 
arrangement from the cortex anterior and posterior to it. Its characteristic 
feature is the presence of very large cells — giant cells — described by Betz 
and Bevan Lewis. The anterior and posterior boundaries of the area con- 
taining these giant cells, as mapped out by Brodmann* in the brain of 
Cercopithecus, correspond closely with the limits of the region from the 
excitation of which we have obtained movements of the lower and upper 
extremities, body, neck, and upper part of face. It is interesting to observe 
that the posterior boundary of this area in its lower part leaves the fissure 
of Rolando and passes downwards in a manner similar to the posterior 
limit of excitability as determined by us. This region is termed by 
Brodmann the area giganto-pyramidalis, and corresponds with the pre- 
central area of Campbell. Anteriorly it lies contiguous to the area 
agranularis of the former author, while behind it joins the area paradoxa or 
post-central area of Campbell. 

The lower part of the face area, viz., that from which movements chiefly 
of mastication and deglutition are obtained, is considered by Brodmann to 
form an area of cortex differing in histological structure from the area 
giganto-pyramidalis but identical with the region in the frontal lobe, from 
stimulation of which we have described movements of the head as resulting. 
The region in the angle of the precentral sulcus, from which lateral move- 
ments of the head and eyes are obtained, is characterised also, according to 
the same author, by a separate and distinct histological structure. 

We have examined the microscopic structure of the excitable area in the 
species of monkeys employed by us with the object especially of determining 
the posterior limit. This we find, taking the presence of giant cells as the 
most reliable guide, to lie in the lower part of the anterior lip of the 
Rolandic fissure in the greater part of its length. 

Within the motor area further histological differentiation is possible. It 
was shown by Bevan Lewis f that the giant cells, termed by him " motor 
* See fig. 62 in Vogt's paper, loc. cit. f Braiuy 1878, vol. i. p. 79. 
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cells," are largest in the upper part of the Rolandie area and diminish in 
size from above downwards. This observer also showed that the motor 
cells are arranged in groups. These observations have recently been con- 
firmed by Campbell,* working on the human and anthropoid brains, and he 
states further that the grouped arrangement of cells is found only in the 
areas forming motor centres for the limbs, while in the part of the ascend- 
ing frontal convolution at the level of the superior genu of the Rolandie 
fissure, from which movements of the body muscles are obtained, he finds 
the cells arranged in a solitary manner. According to Campbell, the size, 
configuration, and grouping of the giant cells vary in relation to the motor 
centres in which they are found, and the conclusions which he reaches by a 
consideration of their variations are in accord, mutatis mutandis, with the 
results which we have derived from the method of electrical excitation in 
monkeys when care is taken to isolate the areas in the manner before 
described.f 

* Loc. cit, 

t The expenses of this investigation were defrayed by grants from the Moray Fund 
(University of Edinburgh) and the Carnegie Trust for the Universities of Scotland. 
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XI. — The Minors of a Product-Detenninant. 
By Thomas Muir, LL.D. 

(MS. received November 12, 1906, Read January 21, 1907.) 

1. If for aa + 6)8+cy+ . . . we put 
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so that if, as usual, we denote the cofactors of the elements in I a^ 63 ^3 1 > 
fi9^z I by the corresponding capital letters, we may assert that In the 
determiifiant which is the product of\ a^^b^c^ \ and !/ifl'2'^8 i ^'^^ cof actor of 
ctj ctgCtg • A^ Ag A3 
/, g, h, F, G, H, • 

2. Proceeding to the case where the number of determinants to be 
multiplied together is three, namely 

\^h^s\* \fl92h\* |wh«2»'3l» 

let us denote 



a•^ a., a^ 
f\ 9\ ^h 



vu + -I 



a^ Ua CL 



3 



/2 92 ^2 



n, 



fz 9z K ' 



* This is usually written 

/2 92 ^2 
/s 9z K 

but throughout the present paper row-by-column multiplication is used, so as to have the 
results immediately applicable to matrices. 



61 62 63 

Cj ^2 C3 
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by 



«1 


«2 


«8 


A 


9x 


K 


h 


9i 


K 


h 


Oz 


A3 






The product then is 



«1 «2 *8 


Ml 


«l «2 «8 


m.2 


«1 ^2 «8 
/l fl'l 'h 




/l ^1 ^1 


/l ^1 ^1 


TWg 


A 92 h 


Wl 


A 92 \ 


^2 


A 92 h 


ng 


A 93 h 


'•1 


A 93 ^h 


^2 


A 93 h 


'•a 


b, 62 63 


»»! 


h h h 
A 9i \ 


7^2 


h h h 




/i ^1 K 


A 9i K 


m^ 


A 92 h 


»»1 


A 92 h 


«2 


A 92 h 


^3 


A 93 K 


'•l 


A 93 K 


'•2 


A 9z ^3 


^3 


^1 ^2 ^8 




Cj Cg C3 




C^ Cg C3 




/i ?i ^ 


171^ 


A 9\ ^1 


»»2 


A 9i \ 


mg 


/« ^2 ^2 


«1 


A 92 K 


^2 


A 92 h 


«8 


/s S'S ^8 


^1 


A 93 h 


^2 


A 93 K 


^8 



and the minor which is the cof actor of the element in the place 1,1, con- 
sisting as it does of terms in b^ , terms in 62 > ^^^ terms in 63 , may be dealt 
with in three portions. The aggregate of the terms in ft^ is evidently 



'I A A ^1 ^2 ^i 



f\ A A 



Cj C2 Cg 



i.e. 



%,e. 



^ m^ ng v-2 A 9i h^ 

A 92 K 
A 93 K 


77*8 

»8 
^3 


— 0| • 

^3 '^S ^3 A 9\ \ 

A 92 K 1 
A 93 K ' 


771. 

«2 
^2 




. .^1^2.^3 _ /1/2/8. .^1^2^8 1 
7W3 7^3 Tg TUg Tig r^ 77l2 Tig r,y J 


^ "* I wig 7l.y 7*2 


77*3 Tig 7g 7»g 7*3 ^g 77I2 «2 ^2 ^ 


r ^ A A A ' 
9l92 93 


7/12 

«2 
^2 


7?l3 
7l3 

^3 


+ ^1^3 • 


A A A 
hi ^2 '^3 


• nio 7713 

i ^2 7^3 
1 ^2 ^3 


• 



Similarly, the aggregate of terms in ftg is found to be 



Vr 



9i 92 93 
/1/2/8 



Mg 


''«8 


«2 


«8 


'■2 


'•s 



Vs- 


1 5^1 </2 ^8 
^1 '*2 ^8 




7712^^8 
^2 W3 

»-2 ^-a 
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and the aggregate of terms in b^ to be 



Vr 


Aj fc, Aj 

/i A A 


• 


^2 ^z 
'^2 ^s 



+ 



V2* 



^1 ^2 ^8 


m 


m^ tn^ 


9i 92 9s 




^2 ^8 
^2 ^3 



The minor in full is therefore 



\c 



2 



AAA 


• 


m^tn^ 


91 9i 9t 




«2 ^ 

^2 ^s 



+ |^C3|. /1/2/3 
K K K 



«2 ^8 
^2 ^8 



^2^8 



^1 92 9s 


• 1712 m^ 


K K K 


1 «2 «8 




»'2 ^8 



I.e. 



A3(H3Ri + H2Ni + HiMi) 
+ A2(G«Ri + G2Ni + GiMi) 
+ A,(F3R,+ F2Ni + FiM,); 

so that, formulating as before, we have the result — In the determinant 



which is the product 0/ 1 a^ bg C3 | , | f ^ g^ h 



8 



nil ^2 ^8 



»! 


»» 


a» 


fl 


gl 


hi 


u 


g2 


h. 


u 


it 


h. 



m, 



n, 



18 



Ai 


A, 


A, 


Fi 


Gl 


Hi 


F. 


G. 


H, 


F, 


G3 


Hs 



the cofdctor of 

Ml 

Ni 



3. Just as the minor in § 1 is the result of the multiplication 



\ h^ &3 


« 


A/s 


Cj Cg C3 




Aj Aj 



SO the minor in § 2 is the result of the multiplication 



/l /2 /8 


• 


7712 Ift^ 


9i 92 9s 




^2 ^8 


K ^2 ^8 




^2 »-8 



\ h ^8 
^1 ^2 ^8 



and, the former being used as a symbol for the minor to which it gives rise, 
the latter may with convenience be similarly employed. Further, we 
may utilise the first result in establishing the second : for, the first being 

A^Hi + AgGi + AiFi, 
the second 







= 


6, 6j 6, 
A 9i K 


61 62 *j 

/2 92 hi 


1 *1 ^ 

I /8 i^s 


^8 1 




^1 ^2_^.8 

f\ 9i K 


Cj C2 Cj 
f2 92 h 


J 6*1 Cg C3 j 
I /s .^3 ^8 . 


^1 h ^8 


• 


/1/2 

9i92 


• Wgnj + 


h h h 

Cj C2 C3 


. Afs 

\9i9s 
Kh^ 


• ^2 ^8 


VOL. x: 


n 


11. 











TOj 


nij 


«2 


»» 


'•2 


'•» 



^1 ^2 *8 



^1 ^2 ^8 



/2/8 
^2 ^3 I 



1^2^: 



2 '3 
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A.^ At% A.> 



= (A3H, + A2G3 + AiF,).Ri = 
+ (AsHj + AjG2 + AiFj).Ni 
+ (AgHj + AjGi + AjFi) • Ml 

as before. Similarly, having reached this we can show that the cofactor of 



F, 


07 


H, 


M, 


F2 


G, 


Hj 


Ni 


Fs 


G, 


H. 


K,, 



«i 


«2 


«s 


'i 


V\ 


«1 


/. 


<h 


\ 


»n, 


Vi^ 


nij 


A 


9i 


K 


«i 


«2 


«8 


h 


H 


\ 


'■1 


'•j 


»•« 



in the determinant which is the product of 



«! ^2 ^8 ! I 1/1 5^2 ''sl » I ^1 '*2 ^8 I » 1^1 2/2 ^8 I 



18 



K 


A, 


A, 


Xi 


Yi 


Zi 


F, 


Gi 


Hi 


Ml 


M2 


Ms 


F2 


Gj 


H, 


N, 


N, 


N, 


F, 


G. 


H, 


Ri 


R2 


K-s* 



and so on. Consequently, as the restriction in the foregoing to three-line 
determinants is readily seen to detract in no way from the validity of the 
procedure, we have the following general theorem — The cofdctor of a/ay 
element in the detevTainants 



ttij Ojj • • • a„„ I , I 611 &H • • • Kn I » 



beiTvg denoted by the corresponding capital letter similarly auffixcedy the 
cofactor of any element in the determinant which is the product of those 
deterTuinants is got by changing every letter in the expression for the said 
element into the corresponding capital letter. 

From this we have the corollary that the adjugate of the product oj 
any number of detemtiifiants is not only equal to but is identical in form 
with the product of their adjugates. 

4. The theorem of § 3, it will be seen, may be described as asserting 
that the minors of highest order (the principal minors) and the minors of 
lowest order (the elements) in the product-determinant are expressible in 
one and the same form. Let us now consider the minors of intermediate 
order; but, in so doing, let us forsake the classification of minors into 
principal, secondary, etc., and group them instead according to the number 
of their rows and columns. 



5. Beginning then with minors of two rows we note first that one case 
has already been considered, the principal minors of a determinant of the 
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third order belonging to this class. Taking next the determinant which is 
the product of two determinants of the fourth order | a^^^d^ \ , \f^jijc^ \ , 
we see that the two-line minor belonging, say, to the 3rd and 4th rows and 
to the 1st and 4th columns is 



^1 ^2 ^8 ^4 




/i/* 


d^ d^ d^ d^ 




9x 94. 




K K 






A, k^ 



and that this is equal to 

l/i^4l> \f\K\^ \fiK\^ \giK\y \9iK\^ \KKV 

a result exactly similar to that of § 1 but not expressible in the same final 
form, on account of the two-line determinants occurring in it being no 
longer principal minors. Taking, in the third place, the determinant which 
is the product of three four-line determinants 

I «1 h ^8 ^4 I > l/l 5^2 ^8 ^4 I > I ^1 ^2 ^8 «4 i > 

we have for the two-hne minor belonging, say, to the 1st and 3rd rows and 
to the 2nd and 3rd columns the expression 



«1 «2 S «4 
^1 ^2 ^8 ^4 



f\ fl H fi 

9\ V2 9z 9a 

K \ K K 

ki k^ k^ k^ 



m 


m^ OTg 




»2 «» 




'•l! '"8 




h «« 



which is equal to 



^ 1 ^2 ^8 ^4 «! «2 ^8 ^A ^\ ^2 ^8 ^4 ^1 <^2 ^8 ^4 
/l 9\ \ *1 A i/2 K *2 h 9z ^8 ^8 /4 ^4 '^4 ^4 



^1 ^2 ^S ^4 



^1 ^2 ^8 ^4 



^1 ^2 ^8 ^4 



Cj Cg Cg C^ 



/l f'l ^1 ^1 /2 ^2 ^2 ^2 /8 5^8 ^8 K L 9 A K K 



• 


mj m. 




i»2 n. 




'"2 '•j 




«2 «8 



<h «2 '^8 «4 


• 


/I/2 


Cj ^2 Cj C4 




9x9i 




K\ 






*1 *s 



wign. 



«1 «2 ^3 ^4 


• 


/1/8 


^1 ^2 ^3 ^4 




9x9z 




KK 






Aj A3 



^2»'8 



Oi ag aj a^ 


• 


/sA 


Cj Cg Cj c^ 




9% 9 4, 




\K 






«g «^ 



'•2«8 
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«l'^l' 


«1«8 


1 o, c J Oj Cg 


«2C4l |«8<^4 




\/l92\ 

A 9* 

\fi9. 


Ah 
AK 

Ah 


A *2 J/l \ 


^1 ^2 ^ *2 

/i, Af« 


7^2 »S 1 




KK 


"*2 '8 
1^2 ^8 


l/» 94. 


A h i 


• ••••••■* 


i ^S *4 


>•» «s 



where the 6+36 + 6 two-line determinants are those formable from the 
three arrays of the expression with which we started. 

Similarly, if the given determinant be the product of fov/r determinants 
A^ , A2 , A3 , A4 , it is seen that the two-line minor belonging, say, to the 
2nd and 4th rows and to the 1st and 2nd columns of the product is the 
bipartite function * representable briefly by 



Two-line minors formable 
from rows 2 and 4 of \ 



Two-line minors formable 
from columns 1 and 2 of A^ 



Two-line minors formable Two-line minors formable 
from conjugate of \ from A^ 

and so on generally. 

6. In at least one case the two-line minor of a product-determinant is 
of very special interest. This is when the second determinant of the 
product A1A2A3 is the adjugate of another determinant, the reason being 
that important changes are then possible on both sides of the identity. 
Thus, taking the product 



Oj 6j c, d^ I • I Fj Gg H5 K^ I . I wij n^ r^ s^ 

we find, in the first place, that each element of the product-determinant is 
itself expressible as a determinant; for example, for the element in the 
place 1,1 



«1 


«2 


<h 


<»4 


Fi 


Gx 


Hx 


K, 


F» 


G, 


H, 


K, 


F. 


G, 


H, 


K, 


F4 


G4 


H4 


K. 



vu 



n, 



B^ 



*In the original memoir {Tram, Roy, Soc, Edin,^ xxxii. pp. 461-482), in which the 
properties of the functions which represent the elements of product-determinants are in- 
vestigated, it is stated (p. 481) that they were given the name ' bipartite ' from Cayley's use 
of the word for a special set of the functions, namely, those of ihe third degree. It has often 
since appeared to me that it would have heen preferable to have extended the meaning of 
another word, namely, the word * cumulant,^ this being the name given by Sylvester to a 
special set of the teeond order. 
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we can substitute the determinant 



a. 



a. 



»8 



"h /l 


9i 


\ 


«1 Ji 


92 


K 


n ft 


s» 


As 


«i f* 


Si 


K 



«4 






and, in the second place, the bipartite which is the equivalent of the minor 
in question having the square array 



F1G3 



F1H2I jH, K, 

Fi H3! |H, K3 



FsG^I IF3HJ |H3K,|, 



where every element contains \f\ g^ h^ ^4! as a factor, may be simplified 
by the removal of this factor throughout. The following interesting 
result is thus obtained: 



a. 



a. 



«8 «4 



"1 **2 

^h f\ 9i \ h 

^2 /z 92 ^2 ^2 

r„ h Qo ho k 



2 /s 9z "8 ^'S 
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f^ 9a \ 
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5^2 
i/4 



8 



^8 
h. 



a, a 



^8 /l 
^8 /2 
/8 



8 
'8 



«• /l 



^4 
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'8 



A i/4 ^4 ^4 



m 
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/i 



3 
'8 



8 
*• ft 



2 

9a 

^2 
^^2 

9i 



"8 



«4 

*1 



'8 



C3 C4 

h^ k^ 



= \fi92hK 



«1 '2 «1 ^8 ^8 ^4 




^^8 ^4 - 5^8 *4 /3 5^4 

! ^2 ^4 ^2 ^4 - A 94 


mg ^3 


Kh - f/i ^2 f\ 92 


'■2 »8 



This includes a notable theorem of Hesse's regarding axisymmetric 
determinants, to which he devotes six pages (pp. 246-251) of his well- 
known paper " Ueber Determinanten und ihre Anwendung in der Qeometrie, 
. . . . " (Crdle's Jov/m., xlix. pp. 243-264), the last sentence of which is 
" Auf dem angegebenen Wege lasst sich auch, unter der Voraussetzung dfikss 
''^*A = ^A* sei, die allgemeine Qleichung: 
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ableiten, wo U eine ganze homogene Function 2ten Grades sowohl in 
Bucksicht auf die Grdssen a als auf y und vom n — 2ten Grade in RUck- 
sicht auf die Grossen u ist." It will be seen that in our extension the 
exact form of Hesse's U is specified. 

7. It is evident that so far as the right-hand side of the identity in 
§ 5 is concerned analogous specialisation is possible when any number of 
factors are adjugate determinants. 

By making all the factors in the theorem of § 3 adjugate determinants, 
we see that the cofactor of any element in the prodtbct-determinant of the 
adjugatea of the n-line determinants Aj, Ag, A3, . . . t« eqvxd to the 
correspondiTig element in the product 0/ Aj , Ag , A3 , . . . m^vZtiplied by 
(Ai A, A, . . .)"-'• 

8. Returning now to the point reached at the end of § 5, we take up 
the question of the ^Are^-line minors of a product-determinant, and note 
that as the principal minors of a four-line determinant are three-line 
minors, one case has already been considered, and that the result is quite in 
keeping with that represented diagrammatically at the close of § 5, the 
single point of difference being that instead of the word 'two-line* we 
have to substitute * three-line ' throughout. Taking the next case where 
three-line minors are possible, namely, when the factor-determinants are of 
the fifth order, we find the three-line minor which occupies rows 1, 2, 3 
and columns 3, 4, 5 of the products 

«i Vs^^i^s I • \fi9AKh I • I wiin2r8S4^5 | , 



«1 «2 ^8 ^4 ^6 



and which, as we know, are representable by 

/s fi fb 

ffs ffi 95 

Ag h^ h^ 

k^ k^ ^5 

h K h 



6j bo h 



8 



^'2 ^'3 
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6, b. 
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h, . . 
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k, . . 
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to be expressible as bipartites whose law of formation agrees, and is seen to 
agree of necessity, with that specified in the simpler case. Hence we con- 
clude that every minor of the prodtLct-determinant equal to A^A, . . . A, , 
say the r-line minor situated in rows a, ^, y, . . . and in coluTnna 
a, ^, y\ . . . is expressible in the same form as the elements of that 
determinant, that is to say, in the form of a bipartite, the elements of 
which are in order the v-line minors formahle fro^m rows a , ^ , y , . . . o/ 
Ai , from Aj , A3 , . . . , and fromfi colvmins a, ^, y\ - • of A7. 



{luvLed separately May 29, 1907.) 
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XII.— Heusler's Magnetic Alloy. By Alexander D. Boss, M.A., B.Sc., 
Houldsworth B^search Scholar, University of Glasgow. Cormauni- 
cated by Professor A. Gray, F.RS. 

(MS. received March 26, 1907. Read May 6, 1907.) 

Since the discovery by Heusler in 1903 of a magnetic alloy of copper, 
manganese, and aluminium, considerable interest has been aroused by the 
peculiarities of its properties and the diflSculty of their explanation. In 
the summer of 1905 a preliminary investigation of a sample of the alloy 
was made in the Physical Laboratory qi Glasgow University, and the 
results obtained have been published in a paper by Professor A. Gray.* 

The tests now described were carried out on an alloy with a somewhat 
lower percentage of copper, the composition being: — 25 per cent, man- 
ganese, 12*5 per cent, aluminium, a trace of lead, and the remainder copper. 
The specimens were cast in the form of rings and rods by Messrs Steven 
& Struthers of Glasgow. So far only the rods have been used, the tests 
being made by the mdgnetometric method. In order to avoid any difficulty 
regarding the effective lengths of the specimens, elongated ellipsoids of 
revolution have been used instead of cylindrical rods. The factors in- 
vestigated by Ewing have been employed to give the demagnetising force 
due to the specimen and the true magnetising field (H). 

With a view to testing the apparatus, preliminary I-H cycles were 
taken with a rod of the alloy about 60 cms. long and 1*30 cma in diameter. 
It was tested in the condition as supplied by the makers, the casting being 
simply " dressed," and the ends cut square. A portion about one-third the 
length of the original rod was cut off and retested. On applying the 
corrections investigated by Du Bois, the two curves were in good agree- 
ment. The alloy exhibited very little hysteresis, and the saturation point 
was well marked. 

A specimen, which had been ground on emery to an ellipsoidal form, 
was subjected to thermal treatment. After being taken through a cycle 
(fig. 1, curve 1) it was heated for ten minutes to 50° C, slowly cooled, and re- 
tested. No change in magnetic quality was observed. Successive heatings 
were then made to 100° for a few minutes, to 100° for two and a half hours, 
and to 145° for a few minutes. In each case the specimen was slowly cooled 

♦ Proe. Roy. Soc,, Sect. A, 77, p. 256. 
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and tested at the room temperature before proceeding to the next heating. 
So far the magnetic quality was little affected. The specimen was now 
baked at a temperature of 160° for three days. This produced a distinct 
improvement in quality (fig. 1, curve 2). The process of heating for short 
and long periods was continued step by step, and the magnetic quality 
showed gradual deterioration with a marked increase in hysteresis. Fig. 1, 
curve 3 shows the final state which was obtained after heating for two and a 
half days to 220"^ C. In the heating up to and including 160'' a gas furnace 



Effect or He*TiHa 




Fig. 1. 



was employed, but for prolonged heating at higher temperatures an electric 
.oven was constructed and found to give very steady temperatures. In all 
the experiments the temperature was measured with a platinum and 
platinum-iridium thermometer. The series of heatings proved that the 
time effect is very large, especially in regard to the increase in hysteresis, 
and it was decided to reserve its further investigation until a special 
furnace could be constructed for this purpose. 

Another ellipsoidal specimen was employed in an investigation of the 
permanent effects produced by bringing the alloy for a short time to a series 
of increasing temperatures and quenching thereat. But before this treat- 
ment was carried out the magnetic condition of the specimen was tested 
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both while the temperature was that of liquid air and after the normal 
temperature had been resumed. The specimen was enclosed in a glass 
tube which fitted into a cylinder of asbestos placed inside the magnetising 
solenoid. One end of the glass tube was closed ; the other was open and 
bent up so that the tube could be kept filled with liquid air. The curve 
(fig. 2, curve 2) obtained when the specimen was thus cooled to IDO*" C. 
showed an increase of about 25 per cent, in the saturation value of I, but 
otherwise did not differ materially from that obtained at the room tempera- 
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ture (fig. 2, curve 1).* On retesting the specimen when it had warmed up 
to normal temperature it was found that the improvement had been only 
temporary. 

The specimen was now heated to 400° C. and quenched by plunging 
vertically into cold water. The magnetic quality was somewhat destroyed 
by this treatment, and there was a decided diminution in hysteresis (fig. 2, 
curve 3). [With steel, nickel, and cobalt similar effects have been obtained 
by the author, but in a diminishing ratio.] Immersion of the quenched 
alloy in liquid air produced a temporary increase of over 30 per cent, in the 

* The effect on the magnetometer due to the liquid air being magnetic was quite 
negligible. 
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saturation value of I, with a slight augmentation of the hysteresis (fig. 2, 
curve 4). The specimen was laid aside for nearly ten months, and in this 
interval almost recovered its original susceptibility, while the dimunition 
in the hysteresis which had been effected by the quenching was only 
reversed to a very slight extent. 

The quenching tests were again resumed and cycles obtained for the 
following series of temperatures : 400°, 450°, 500°, 555°, 610°, 660°, 712°, and 
745°. At each stage three tests were made : (1) with the quenched specimen, 
(2) with the specimen immersed in liquid air, and (3) with the specimen 
back to atmospheric temperature. Fig. 3 exhibits the nature of the results 
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Fig. 3. 

obtained in this investigation. The abscissae represent the temperatures of 
quenching, and the ordinates give the permeability corresponding to a field 
of 20 C.G.S. units for the specimen in the quenched condition. The lower 
curve shows the values obtained in the cycles at ordinary temperature; 
those obtained with the specimen in liquid air are shown in the upper 
curve. It will be noticed that there is a very marked diminution in 
permeability on quenching at 610°, and on quenching at higher tempera- 
tures the quality is to a considerable degree restored. 

Throughout the investigation there were traces of cracking in the 
specimen due to the quenching, and this would probably affect the magnetic 
tests to a slight extent. While being heated in the furnace preparatory to 
quenching at 800°, the specimen broke in two. An examination of the 
sections of fracture showed that a decided change in constitution had taken 
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place. Originally fairly homogeneous, if we except the presence of a few 
small " blow-holes," the alloy now exhibited at least two constituents — 
large, irregular, and lustrous nodules appearing imbedded in the more 
uniform matrix. To such changes in structure we may probably ascribe 
the peculiar behaviour on quenching at 610°. 

The above research has been carried out in the Physical Laboratory of 
the University of Glasgow, and the author desires to take this opportunity 
of thanking Professor Gray and Dr Muir for suggestions received during 
the progress of the work. The preliminary experiments were carried 
out in collaboration with Mr Robert Jack, and the author proposes to 
continue the research on the lines indicated above. 



{Iss^ied separately May 29, 1907.) 
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XIII. — The Relation between Normal TaJce-up or Contraction and 
Yam Number for the same degree of Twist in Twisted 
Threads. By Thomas Oliver, B.Sc. (London and Edinburgh), 
Carnegie Research Fellow. Communicated by Dr C. G. Knott. 

(MS. received December 17, 1906. Read sftxne date.) 

In a former paper* communicated to this Society in February, the 
author worked out experimentally and analjrtically a relation between 
normal take-up and degree of twist in the same thread. 

This relation for the take-up in the second twisting of a two-ply 
yam is 

y^'^x{bx + 2n) (1) 

where d = diameter of single thread. 

L s= length of single thread under experiment. 

a; = turns of twist impressed in the second twisting. 

n = turns of twist in each single. 

The present investigation deals with the problem in which a; is a 
constant in different sizes of threads. Therefore n and d are the only 
variables on the right-hand side of the equation. 

Single threads are approximately cylinders. But as the sections in any 
one thread are not uniform, and are difficult to measure, it is found totally 
impracticable to number yams in the same way as wires are gauged, i.e. 
proportional, directly or indirectly, to their diameters. 

The only practical basis of numbering is the relation of length to 
weight. All systems of numbering yams in use in the textile industries 
may be classified under one or other of two categories, viz., " inverse " or 
" direct." In the " inverse " systems, the yam number is inversely pro- 
portional to the weight of unit length. In the " direct " systems, on the 
other hand, the yam number is directly proportional to the weight of unit 
length. It is probable that more than 90% of the yams throughout the 
world are numbered inversely. The only notable exceptions are jute, 
reeled and thrown silk; these are numbered on direct systems. Cotton, 
spun silk, linen, worsted, and practically all woollen yams, are numbered 
inversely. 

♦ Proc. Roy, Soc. Edin,^ 1906, vol. xxvi., pt. iii. p. 189. 
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Let w s= weight of unit length of thread. 

c= " inverse " yarn number. 
A; = weight of unit length of No. Ts, a constant. 
A = average area of cross-section of thread. 
(/ = average diameter of thread. 
p = volume density of a thread in its commercial state ; 

then C = - but k^-d'^ 

w 4 

and w=^Ap 



TT 



'Yp 



irp Kj 



Substituting in the expression for the take-up, y : 

.y=^a-(5x+2n)i . . . (2) 

n and C are the only variables on the right-hand side of the equation, if 
we confine the comparison to threads of similar nature in which p may be 
assumed constant. 

If -n. is a constant throughout the range of threads of different sizes in 
the same quality, then equation (2) may be written 

y = cA. . • (3) 

where y = take-up, 

irk 
e — --a*(5iF + 2n), a constant. 

2p 
A =■• 1/C, the yarn number reciprocal. 

For experimental purposes, n, the twist in the singles may be kept 
constant or varied at pleasure. In commercial yams, n is never constant 
throughout a range of different yam numbers. The degree of twist must 
increase as the thread becomes smaller. 

The precise relation which should hold between the degree of twist 
and size of thread has long been a debatable question. The late 
Mr T. R. Ashenhurst of Bradford Technical College, founding his 
argument on geometrical considerations, enunciated the theory that the 
twist in yam should be directly proportional to the square root of the 
yam number, or inversely proportional to the diameter of the thread. 
This theory has been styled by later writers, " the theory of relative twist." 

The late Mr M. M. Buckley of Halifax, from the results of experiments, 
contended that twist in yam should be simply proportional to the yarn 
number. 
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From the cloth designer's point of view, there is doubtless much to be 
said for Ashenhurst*s theory. The problem is, however, far more a 
dynamical than a geometrical one, and it is probable that Buckley's theory 
is much nearer the truth for crossbred worsted yams. 

In commerce, ranges of yams are found with all kinds of relations 
holding between the degrees of twist in their members, according to the 
fancy of the spinner or the demands of his customers. Frequently the 
relation cannot be construed into any simple algebraic fomi; as a rule, 
however, the twists in a range of yams are approximately proportional 
to some power of the yam number which lies between J and 1. The 
author's experiments and analyses on this subject are not yet complete, and 
therefore it is not intended to discuss the matter further than is necessary 
for the working out of the " take-up " problem. 

The author has found that between the limits of crossbred numbers 
usually spun, the degree of twist is approximately a linear function of 
the yam number ; 

n = aC + ft, 

n = degree of twist in singles. 

C = yarn number. 

a and b are constants. 

In one range of yams, the degree of twist in turns per inch, 

n=-3C + 2 . , . (4) 

between the limits lO's and 40's. 

From this range, three threads numbered 12s, 16's, and 24*s were 
selected for experiment. Their diameters were measured by means of a 
microscope fitted with an eyepiece micrometer. 

Table I. shows various data necessary to effect a comparison between 
the experimental and anal}^ical results. 

TABLE I. 



where 



Yarn 

number. 

C 


Average 

diameter of 

singles. 


Turns per 

inch in 

singles. 

n 




k 
5 

■ 


2k 

15 

1 


12 
16 
24 


•0146'' 
•0124^ 
•0101^ 


55 
70 
90 


•0260 
•0190 
•0126 


•0208 
•0152 
•0101 


•0139 
•0101 
•0067 



♦ If « and n in formula (1) be taken as turns per inch, then y=— — . L^6a;+2n). 

81j 

taken as 100, so as to give percentage results. 



L is 
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In Part I. (p. 205, vol. xxvi., pt. iii.) it was set forth that, owing to 
the friction amongst the individual fibres in the thread, the analytical 
expression obtained for the "take-up" did not give the same result as 
obtained by experiment. It was also shown that for the direct or open- 
band second twisting. 



y = -a;(6a' + 2n) 
D 

and for the inverse or crossband second twisting. 



(5) 



y = jJcx{5x - 3n) 



■ (6) 



gave results which did not differ materially from those obtained by 

2/72T 

experiment. In the above equations k = ^^—^ y when x and n are expressed 

as turns per inch. 

In equation (6), for convenience tc is to be taken positive although 
measured in the negative direction. 

Table II. shows the " take-up " per cent, on the hypothesis that equations 
(5) and (6) are true. 



Turna per 
inch. 



1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 



TABLE II. 
Percbntigb Contraction. 



2/12*8. 



•33 

•88 
1-63 
2-69 
3^77 
5-14 
6-72 
8-62 
10-64 



or " openband ^ twist. 


2/16'8. 


2/24'8. 


•29 


•23 


•73 


•66 


1-32 


100 


2^07 


163 


296 


217 


3^96 


2*91 


515 


375 


6-48 


469 


7-97 

• • • 


5-73 

■ • • 


• • ■ 

• • • 


• • ■ 

• • • 



" Inverse" or " crossband" twist. 



2/12's. 



-16 

-•18 

-06 

+ •19 

•69 

1-13 

1-80 

262 

3-57 

466 

5-89 

753 



2/16'8. 



2/24'8. 



-16 


-16 


-•22 


-•23 


-•18 


-•24 


-•04 


-19 


+ •20 


-•07 


•64 


+ •12 


•99 


•37 


1-63 


•70 


218 


1-08 


2-93 


1-64 


3-78 


2^06 


473 


265 



Table III. shows the " take-up " per cent, if 

y = x{bx + 2n) + 40 for the direct second twisting ; 
and y = x{bx - 3n) + 6C for the inverse second twisting. 
C = single yarn number, as before. 



(7) 
(8) 
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TABLE III. 
Pbrckntaqb Contbaction. 



Tuma per 


"Dii-ect" 


or " openband " twist. 


" Inverse 


i" or " croflsband" twist 


incli. 

X 










2/12*8. 


2/16*8. 2/24's. 

1 


2/12*8. 


2/16*8. 


2/24'8: 


1 


•33 


•30 


•24 


-16 


-•17 


-•15 


2 


•87 


•76 


•58 


-•18 


-•23 


-•24 . 


3 


1-62 


136 


103 


-•06 


-19 


-•26 • 


4 


258 


213 


1-58 


+ •19 


-•04 


-19 


5 


375 


305 


224 


•59 


+ •21 


-•07 


6 


5-12 


4^13 


300 


1^12 


•65 


+ •12 


7 


673 


636 


3-86 


1-80 


1^02 


•39 


8 


8-50 


675 


483 


2-61 


1-58 


•72 


9 


10-60 


8^29 


598 


366 


2^27 


1-12 


10 


• • • 


• • • 


• • • 


465 


3^02 


1^59 


11 


• • • 


■ • • 


• • • 


5-88 


390 


2^14 


12 


... 


• • • 


• • ■ 


753 


4^88 


2-75 



For the experimental investigation the same apparatus was used as that 
described on p. 197, vol. xxvi., pt. iii. The thread was stretched between 
two clamps. One of these formed the end of the shorter arm of a bell- 
crank lever, the other arm of which carried a weight. This weight could be 
varied so that the thread might be twisted under any tension desired. The 
other clamp B formed the end of a bar which could be rotated by a wheel, 
the turns being indicated on a dial. The bar could be moved in the 
direction of the thread by a special form of rack and pinion, so that the 
longer arm of the bell-crank lever always remained horizontal. The motion 
of the bar could be measured on a scale, while the thread contractions 
were obtained by taking the difference of the readings on the scale. 

Table IV. shows the results of experiments. 

TABLE IV. 
Percent AGE Contraction. 



Turns per 
inch. 

X 


" Direct** or " openband ** twist. 


" Inverse" or " crossband** twist. 


2/12's. 


2/16*8. 


2/24*8. 


2/12*8. 


2/16's. 


2/24*8. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


•46 
1-02 
1^86 
2-90 
3^92 
5-20 
663 
832 

• • • 

• * ■ 

• • • 
■ ■ • 


•40 
•91 
159 
2^41 
326 
425 
538 
665 

• ■ « 

• ■ ■ 

• • ■ 

• V • 


•30 
•66 
1^17 
VS5 
2^49 
329 
410 
505 

• • • 

• ■ • 

• • • 

• • ■ 


-•14 

-•15 

-•09 

+ •21 

•65 

108 

1-76 

256 

3*44 

455 

5-88 

7 30 


-•20 
-•22 
-19 
+ •02 
•30 
•62 

no 

1^67 
2-32 
306 
3-92 
4^95 


-11 

-17 

-•11 

-02 

+ •12 

•26 

•53 

•85 

1-20 

1-62 

2-07 

2-65 
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The resulte of Table III. are shown graphically in fig. 1, while the 
graphical interpretation of Table IV. appears in fig, 2. Percentage con- 
tractions are plotted oe ordinates. and yam number reciprocals as abscisste : 
The reciprocal of 12 = -0833 
16=0626 
24=0417 

Each graph has its corresponding degree of two-ply twist affixed ; e.g. 



lie denotes the graph for 11 turns of crossband twist, while 60 denotes 
the graph for 6 turns of openband twist. 

The graph which lies most evenly among the plotted points is a straight 
line in each case. Further, the openband lines all converge to a point in 
the second quadrant, while the crossband lines converge to a point in the 
fourth quadrant. That the graph may be a straight line is dependent on 
the degree of twist in the singles being a linear fimction of the yam 
number. 

Equations (7) y=x(&x + 2tt)-i-4C 
and (6) y = x(5x - 3n) ^ 6C 

are empirical formulae which give results of practically the same value 
as the fundamental formulee (5) and (6), and also approximate closely to 
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the ezperimeotal results. They have also the advantage of ready 
reference; the jam number is always available, while the diameter 
could only be obtained after a tedious micrometer measurement. 



Formula (4) shows that 

n =s '30 + 2 approximately. 
Substituting this value for n in formulce (7) and (8), 
x{bx- 



' 40 




x(6« + 4 + -60) 




-|(6:, + 4)V + .15;. 




= ?(6a;+4)A+-15a: 


nhereA. 


..A + /3 iiiLmx 


s constant 


Similarly for crosaband twist. 




a:(5r - 3n) 
^ 4(1 





= g{5a:-6)A-15a; 

= a A. - p when x is constant. 
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These are equations of the first degree in A, and therefore represent 
straight line graphs, which in the first instance cut the ^-axis ahove the 
origin, and in the second instuice cut the. ^-axis below the origin. The 
crossband Hne should cut the axis as much below the origin as the open- 
band line for the same value of x cuts the axis above the origin. Any 
divergence from this condition noticeable in fig. 1 is due to the fact that 
in the actual yams experimented with, the degrees of twist in the singles 
were not exactly linear functions of the yam number. This fact may be 
seen from fig. 3, in which the ordinates represent degrees of twist in turns 
per inch, n, and the abscLBsse represent yam numbers, C. The straight line 
does not pass exactly through the points. 



Fia. 3. 

To test the theory further, the same yams were taken, but the twists 
in the singles were altered to seven turns per inch in each case. 

Since the " direct " twist gives a two-ply thread, which is too hard for 
any useful purpose, and the results obtained are therefore of no practical 
value, the remainder of the investigation was confined to the "inverse" 
twist. 

Table V, shows the experimental results for the case when all the single 
threads had seven turns per inch each. 

Fig. 4 shows the results of Table V. As before, ordinates represent 
percentage contractions ; and abscissae, yam number reciprocals. 

The point of convergence of the lines is practically the origin. This 
is quite in accordance with the theory. Since n is constant in all the 
threads. 



-3n) 



may be written 



^ the yam numbei reciprocal, and £ is a couBtant. 
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Now in this equation y vanishes simultaneously with A ; Le., the 
graphical picture of the equation is a straight line passing through the 
origin. 

TABLE V. 

PBBCBIIT1.QB Com R ACTION. 





" Inverse 


' or " eroMband " twist. 


TuniBper 
inch. 














" 


S/lS's. 


S/)6'a. 


2/24'B. 




-■SI 


-17 


- 12 




-■29 


-■24 


- 16 




-■23 


-■18 


- 18 




-■<w 


-■04 


- 03 




+ ■28 


+ ■23 


+ -14 




■74 


■69 


■39 




1-36 


1-08 


■72 




8-10 


1-69 


1-11 




298 


2-36 


1-67 




4-00 


314 


210 




5^U 


403 


270 




6^43 


0-04 


335 



It will now be instructive to consider an extreme case in which the 
degrees of twist in the singles have no simple relation to the yam numbers. 
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A range of crossbred worsted yams made from a different quality of 
" top " (" top " is the term applied to the long straight fibres of wool which 
pass subsequently into the worsted thread ; the short curly fibres are combed 
out and rejected as " noil ") was selected. 

Table VI. shows the yam numbers and their respective degrees of twist 
which formed the range. 

TABLE VI. 



Yam No. 



Turns per inch 
in singles. 



12*8. 



} 



5-6 



24*8. 



S^O 



32'8. 



16-0 



40'8. 



230 



Fig. 5 shows the graphical relationship between the yarn numbers as 
abscisssB and the turns of twist as ordinates. 

Table VII. shows the percentage " take-up " for the " inverse " twisting 
of the various members of this range of threads. 

Fig. 6 contains the corresponding graphs connecting percentage " take- 
up " as ordinates and yam number reciprocals as abscissae. 

TABLE VII. 
Pbrcentaoe Contraction. 



Turns per 
inch. 


" Inverse " or " crossband " twist. 


2/12's. 


2/24*8. 


2/32's. 


2/40's. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


-•09 


+ •25 
•70 
1-25 
1^91 
2-70 
3-56 
4-46 
5-73 
701 
8-40 

• • • 

• • • 

• • • 


-•08 

-•09 

+ 02 

•21 

•48 

•85 

1-25 

1-69 

2^22 

2-80 

3-56 

445 

535 

6-35 

7-36 


-•10 

-•13 

-•08 

+ •03 

•19 

•39 

•59 

•85 

1-13 

1-42 

1^78 

210 

252 

2-90 

3-35 


-•25 

-•40 

-•43 

-•45 

-•40 

-•31 

-•20 

-•04 

+ •12 

•30 

•50 

•72 

•95 

120 

1-42 



Reciprocal of 12 = •0833 

24 = -0417 
32 = ^0312 
40=025 



>} 



>y 
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It will be seen from fig. 6 that in thia case the graphs are not .straight 
lines throughout the range. But aa the yam number increases or its 



reciprocal decreases, the graphs become more nearly straight. (The 
approximately straight parts of the curve are produced tangentially to 



Fuj. 8. 



the curve in each case.) That this is in accordance with the theory is 
evident if we refer to fig. 5. A straight line can be drawn, as in the 
diagram, through the plotted points corresponding to 24'b, 32's, and 40's. 
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We have seen that when such a linear relationship holds, the graph for 
the " take-up " is also rectilinear. The equation to the flowing curve, which 
lies most evenly amongst the points of fig. 5, is : 

n« 022(0 -12)« + 5-6 
= •0220* --530 + 8-8 . . . . (9) 

This equation does not hold beyond the limits 12's and 40's, and it 
will be seen from fig. 5 that even between these limits the graph does not 
represent closely the relationship between the plotted points. Substituting 
this value of ti in the expression for the " take-up," 

•007 Sj* 1 

y = (-83a;2 - 2-93a;)A + '1770: - —!j^ where A = l . 

Let us consider the cases when x = 10 and oj = 12 ; 

•07^ 
then, y = 53-7A+l-77--^ whenir=10; 

y = 84-0A + 2'l2-^ when «- 12. 

A 

On examining the above expressions for y we see that they can be 
broken into two parts, y^ and y^ : 

yi-53-7A+l-77) 
where '073 \ when a? = 1 

and y^Vi-y^'y 

y^ is an equation to a straight line, 
and ^2 ^^ ^^ equation to a rectangular hyperbola. 

Also, we are tempted to say that when A is very large, the graph for the 
*' take-up '* approximates to a straight line, and similarly when A is small, 
the " take-up " graph approaches hyperbolic form. This assumption would 
be quite erroneous, because the equation is only known to represent the 
actual conditions between the limits, 026 and 0833 for A. Therefore A 
can neither be very large nor very small without violating the conditions on 
which the equation was deduced. 

From equation (9) we calculate that for 50's yam {i,e, for A = *02), n, 
the twist should be 37*3 turns per inch — a proposal which no spinner could 
entertain. 

Fig. 7 shows the synthesis of the graph for x = \0 and its relation to 
the graph exhibiting the experimental results for ten turns of twist. The 
latter is lettered B in the diagram. 

It is always possible to obtain two straight lines which approximate 
closely to a curve between limits. From fig. 8 we see that for the case 
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tinder consideration these limits are wide, and may be taken bo as to 
comprise the range in questicm. 



Fio. 7. 
Fig. 8 shows the graphs for 3; = 10 and a; = 12. 



The straight lines which approximate to the curves between the limits 
A = ■04 and A = -08 intersect when produced at point Oj; similarly, the 
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straight lines which nearly coincide with the curves between the limits 
A = *025 and A = *04 intersect at O^ 

In summarising this subject, we find the following main conclusions 
have been arrived at : — 

(1) When the twist in the single thread is a constant throughout a 
range of crossbred worsted numbers, the contraction is simply proportional 
to the yam number reciprocal for any fixed degree of two-ply twist. 

(2) When the twists in the single threads can be expressed as a linear 
function of the yam number throughout a range of crossbred worsted 
numbers, the contraction is a linear function of the yam number reciprocal 
for any fixed degree of two-ply twist throughout the same range. 

In conclusion, the author has pleasure in acknowledging his indebted- 
ness to the Carnegie Trust for the Universities of Scotland for the financial 
assistance which has enabled him to prosecute this research. 



(Issued separately May 30, 1907.) 
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XIV. — The Relation between Normal Take-up or Contraction ajid 
Degree of Twist in Twisted Threads when the Singles 
are of Unequal Sizes. By Thomas Oliver, B.Sc. (London 
and Edinburgh), Carnegie Research Fellow. ComrmmiccUed by 
Dr C. G. Knott. 

(MS. received December 17, 1906. Read same date.) 

In a former paper (vol. xxvi., pt. iii., p. 186) the author proved that 
the contraction due to forming a single thread, 

and the contraction due to the two-ply twisting. 



2L 



«2 



where D = diameter of circle in which the axes of singles revolve. 
d = diameter of single. 
I s length of untwisted single. 
L = length of twisted single, 
n = turns of twist in single. 
z = turns of twist in 2-ply. 

Also, if the fibres have perfect freedom of rotation the total contraction 
will be equal to that due to n+x turns in the single state plus that due 
to X turns in the double, i,e, the total contraction from the single to the 
two-ply condition 



2/1 4 4 J "*■ 2L • 



«« 



L may be substituted for i, as they differ very little from each other ; 

2 

and writing A; f or «^ , the total contraction 

= kcPx{'2n -{■ x) + ikD^x^ 

Let the two unequal singles A and B have diameters d^ and dj, and degrees 
of twist 71^ and n^ turns respectively. Let them receive a further torsion of 
X turns in forming into a two-ply thread Then the contraction on A will be 

y^ -= kd^h:(2T^ + x) + ikDh^ 
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and the contraction on B will be 

Assuming that corresponding points on the axes of the singles move 
in a circle, then D = -^ ^— * . 

Then • y^ « A^j2aj(2ni + a:) + 4Ai^?l±^^2 

Writing the ratio d^ -r d^ =/, 

yi = fei22a;{(2/«+2/+l)aj+2/2ni} . (1) 

yj = Azi2M(/' + 2/+2)aj + 2n2} . • (2) 

When the single threads are of different sizes, corresponding points on 
their axes may not move in the same circle. Assuming that the centre 




Fig. 1. 

of area of cross-section is also the centre of revolution, corresponding 
points on the axes will revolve in circles of different sizes. 

Let z be the distance of the centre of area from the axis of the thick 
thread A ; then, by equating moments about G, the centroid of area. 



= ?«<^-^) 






= wiri '■ 2 ^^'^" ^ °° ^^^^^ " before. 
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- M,«« I f\2n, + x) + i(^^ } 

=K-^{ /'-^y/;|,y^^ .^2/s} . . (3) 

Similarly, y, = JW,«a!(2n, + x) + 4*(di + d, - 22)«a!» 

- Adj^a; I (2n, + «) + 4(>+ 1 -p^)^ } 

= M,*x I (2»j + a;) + ¥*(^'|;.\)^ } 

By substituting suitable numbers in the formulsB, it will be found that 
y^ is in general greater than y^ taking the first assumption as correct, viz., 
that corresponding points in the axes revolve in the same circle. But if 
we assume that the corresponding axial points revolve about the centroid 
of section, then numerical substitution shows that y^ is vastly greater 
than y^ Obviously, between these limits there can be some centre of 
revolution about which the torsion will give equal values for the con- 
tractions in the singles. 

Let a = the distance of this point from the axis of the thick thread A ; 

then y^ = kd^h:(2n^ + a;) + ik(28)^x^ 

Let y^ = y^ and /= cLjd^ as before ; 
then kd^x(2n^ + aj) = M^x{2n^ + y) + i]a?{{(l^ + d^f - i8{di + d^) 

P(2n^ + a;) = 2n2 + « + 4a: I (/+ 1)2 - 4(/+ l)J- [ 

. 8 3/^+5 ng -./^f>, 
"• d^^ 16 "*"8(/+l)u; 

or s ^l^d^^^L^L^^ 

From this result, it is evident that in general there is no single point 
which can serve as a centre of revolution throughout the second twisting 
so as to give equal contractions on both singles. Because a will be 
dependent on x except in the special case when n^^ =/^i, 

«' ^•^-(^' 

Considering threaids as cylinders of uniform density, this is equivalent 
to the case: the degree of twist proportional to the "yam number" or 
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"grist" on an inverse system of numbering. This case is considered 
extreme in usual practice, but is quite within the range of practicability 
especially in worsted yams. 



In this case 8 would = .^ d 



2- 



The experimental investigation of this problem requires the apparatus 
shown diagrammatically in fig. 2. Each single thread, carrjdng a weight 
W at one end, passes over an aluminium pulley, P, and is secured at the 
other end by a clamp. The pulleys are mounted side by side on ball 
bearings. S is a scale on which contractions may be read by different read- 
ings ; N is a needle which determines the length of the two-ply thread. 





Fio. 2. 



Twist is put into the thread A by turning handle H, which communi- 
cates rotary motion to shaft B through toothed wheels T. Worm M 
turns dial D. The number of revolutions is indicated on the dial. 
In each twist, the tensile load W on the single thread was inversely 
proportional to the yam number or " grist," i.e. directly proportional to the 
weight per unit length of yam. 

Table I. shows the percentage contraction for two-ply twists in cross- 
bred worsted: (a) 6's and 20's yams, carrying loads of 13'3 grams and 
4 grams respectively ; (6) 12's and 24's yams, carrying loads of 4 grams and 
2 grams respectively. The results of Table I. are pictured graphically in 
fig. 3. The ordinates of the diagram represent percentage take-up, while the 
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abscissie represent degrees of twist expressed in numbers of turns per inch 
lengtli of twist. The positive abscisss represent direct twist, i.e. in the same 
direction as the twist in the single threads; while the negative abscissee 



represent inverse twist, i.e. in the opposite direction to the twist in the 
singles. Table II. similarly shows the percentage contraction for two-ply 
twists in Cheviot woollen yam : (a) 16-cut and 28-cut yams, carrying 



17'5 grams and 10 grams respectively; (b) 7-eut and 10-cut yams, carrying 
18 grams and 12-6 grams respectively. Fig. 4. shows graphically the results 
of Table II. 
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TABLE I. 
Pergbntage Contraction for Worsted Yarns. 



Turns 


&d and 20*8 twiat. 


12'8 and 24'8 twist. 


















per 


Direct. 


Inverse. 


Direct 


Inverse. 1 


inch. 


















6*8. 


20'8. 


6'8. 


208. 


12*8. 


24'a. 


12*8. 


24'8. 


1 


•61 


•70 


-16 


+ •08 


•10 


•14 


-•09 


--06 


2 


1-39 


1-58 


-04 


•30 


•32 


•39 





+ •02 


3 


2-35 


2-58 


+ •18 


•62 


•68 


-76 


+•16 


•20 


4 


3-40 


3-72 


•69 


1-12 


1^20 


1-29 


-40 


-49 


5 


4-68 


4-96 


121 


1^72 


1^76 


1-84 


-79 


•89 


6 


6-81 


6-37 


1-92 


2-53 


236 


2-48 


1-23 


1-36 


7 


7-33 


8-15 


2-87 


3*62 


3^01 


316 


1-70 


1-90 


8 


8-91 


1017 


4^10 


5-22 


3-68 


3^88 


2-18 


2-46 


9 


• • ■ 


• • • 


5-51 


7-16 


441 


464 


2-70 


3-07 


10 


• • • 


• ■ • 


716 


931 


5-16 


6^44 


3-21 


3-68 


11 


• • • 


• • • 


8*92 


11-36 


• • • 


• • • 


3-83 


4-32 


12 


• • • 


• • • 


10-89 


14-12 


• • • 


• • • 


4-51 


5-01 



TABLE II. . 
Percentage Contraction for Woollen Yarns. 



flV 


16-cut and 28-cut twist. 


7-cut and 10-cut twist. 


Turns 












per 


Direct. 


Inverse. 


Direct. 


Inverse. 


inch. 












16 cut. 


28 cut. 


16 cut. 


28 cut. 


7 cut. 


10 cut. 


7 cut 


10 cut. 


1 


•88 


•92 


-•20 


-•19 


1^61 


1-65 


-•16 


+•09 


2 


1^98 


2^08 


-•26 


-•24 


3-89 


3^98 


+ •20 


•59 


3 


3-39 


3^50 


-•19 


-•18 


6-50 


6^71 


1-10 


1-42 


4 


4-92 


508 


-•12 


-•08 


lOll 


1050 


2-22 


2-79 


5 


676 


7-01 


+ -10 


+ •19 


13-69 


1561 


3-76 


4-52 


6 


8-46 


8-79 


•48 


•55 


• ■ • 


• * • 


5-59 


6-56 


7 


10^58 


11^22 


•80 


•96 


• • • 


• • • 


7-51 


8-75 


3 


12-91 


13-88 


135 


\'5e 


• « • 


• • • 


• • • 


• • • 


9 


• • • 


• • • 


201 


233 


• • • 


• • • 


• • • 


• • • 


10 


• • • 


• • • 


2-76 


3-27 


• • ■ 


• • • 


• • • 


• • ■ 


11 


• • • 


• • • 


366 


4^44 


• • ■ 


■ • » 


• • • 


• •• 


12 


• • • 


■ • * 


4^78 


5 64 


« • • 


• • • 


• • • 


• • • 



The average diameter and turns of twist per inch in each single of 
Tables I. and II. are shown in Table III.; the former measured with a 
microscope fitted with an eyepiece micrometer, the latter by a yam 
torsion-meter. The fourth column of Table III. shows the ratios of the 
diameters of singles in each two-ply twist ; e.g. the ratio of the diameters 



of 6's and 20's worsted is 



•021 
•0112 



= 1^89. This column furnishes data to 



compare the experimental and analytical results. 
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TABLE III. 



Description of 
Yam. 


Average 

diameter of 

singles. 


Turns per 
inch m 
singles. 


f-%- 


6*8 worsted 
20'8 „ 
12's „ 
24'8 „ 
16-cut wooUen 

28 „ „ 

7 

10 „ 


d 
•021" 
•0112" 
•0145" 
•010" 
•023" 
•016" 
•036" 
•030" 


n 

46 
14^0 

56 

8^0 

8 
11-5 

4 

7 


1 r89 

< 

[ 1^45 
1 1-44 
1 12 



When the twist in the singles is expressed in turns per inch, 

A;=— .L2 = '!f^=123 
8L 8 

The numerical results obtained by experiment and mathematical analysis 
for 6's and 20 s worsted are shown in Table IV. The body of the table 
shows percentage contractions for varying degrees of twist. 

TABLE IV. 
Percentaqk Contraotion for 6's and 20^8 Worsted. 





Experimental 
data. 


Calculated from the mathematical analyses. 


Degree of 
twist in 








1 
1 












p 


turns per 
inch. 


6^8. 


20'8. 


Ai Aj 

1 


Bi 


B, 


C 








6*9. 


20'8. 


6'8. 


20*8. 


6'8 or 20*8. 


+ 8 


891 


1017 


1 
15-37 ' 1242 


9-0() 


23^92 


1397 


+ 7 


733 


8^15 


12-22 9-89 


7-32 


18^68 


1M2 


+ 6 


5^81 


6-37 


9-47 ' 7-63 


5-80 


14^07 


857 


+ 5 


4-58 


4-96 


6-93 5-64 


4-44 


1013 


635 


+ 4 


340 


372 


4-84 


4-00 


3-23 


6-81 


443 


+ 3 


2-35 


£•58 


314 


2^55 


2^19 


415 


2^84 


+ 2 


1-39 


1-68 


1-70 


1-40 


1-30 


212 


157 


+ 1 


•61 


•70 


•67 


•48 


•57 


•75 


•63 1 





• ■ • 


... 


f 


■ ■ ■ 


• m 9 


... 


1 


- 1 


-•16 . +-08 


-•31 


-•28 


-•41 


-•10 


-•30 


- 2 


-•04 1 +30 


-•27 


-•28 


-•67 


+ •42 


-•28 


- 3 


+ •18 +-62 


+ •14 


•00 


-•77 


159 


+ •05 


- 4 


•69 112 


+ •90 


+ •56 


-•70 


315 


•72 


- 5 


1^21 1^72 


202 1-42 


-•49 


5-85 


1^71 


- 6 


1-92 


253 


3-50 i 258 


-11 


900 


3-00 


- 7 


2-87 


3-62 


5-32 1 4^00 


+ •43 


1272 


463 


- 8 


4^10 


5^22 


7-54 5-82 


113 


17-11 


6-58 


- 9 


5-51 


7^16 


10-20 7-74 


197 


2217 


8-85 


-10 


7-16 


9-31 


12-95 9-83 


298 


27-78 


11-43 



*' Direct" twist is reckoned positive and ** inverse " twist negative. 
VOL. XXVII. 



8 
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The last five colmnns of Table IV. are headed by the letter which 
distioguishes the corresponding graph in fig. 5. A, ia obtained by calculat- 
ing from equation (1), A^ fi'om equation (2), Bj from equation (3>, Bj from 
equation (4); C is a mean of the analytical equations, obtained in the 
conclusion of the mathematical analysis The value of s, the distance 
from the axis of the thick thread of that centre of revolution which 
makes ^i = y2> is calculated and substituted in either equation. 

The values of d^, f, n^ and n^ are taken from Table III., and substituted 
in the equations. The latter thus reduce to the following simpler forms 
for the particular case under consideration. 



Corresponding to 
Equationl, y, = gg.g(ll-7&r+32-4) GmphAi 

" 2' y^-d%< 9-26a: + 28 ) „ A, 

•■ 3, !h = -^i 5-2 3! +33-1) „ B, 

■• '*' ^! = 6^<2M *+28 ) „ B, 

Ueaa eqaatioD, y, or y^ = ^~ (10-57a: + 30-5) , C 

Fig. 5 shows graphically the results of Table IV. The onlinates 
represent percentage contraction ; the abscissae, turns per inch of twist. 
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13 J Graph I. represents the actual results for the 6'8 yam. 



H O 

« a 1 


[ „ n. 


1 


' »> -A-i „ 


S s 


n -^ » 




»> ^i »» 


Si 


») ^2 „ 


s 


» c 


1 


JJ 57 



?i ?> 2(r8 »» 



JJ JJ 

JJ JJ 



JJ JJ 

JJ 



G's „ lif corresponding points on the axes 
^ r of the singles revolved in the same 

-^^S „ J circle. 

)if co; 
of 
oei 



g)g Mf corresponding points on the axes 

" " " ^ ^^ the singles revolved ahout the 



20'8 „ J oentroid of the crcms-section. 



,, for either yarn, if the conditions of revolution were such 
that the take-up for each single were equal. 



The elbow at the origin on eaxsh curve of fig. 4 is noteworthy; it is 
more pronounced than the corresponding change at the origin in the curves 
of fig. 3. If we consider the great difference in structure of woollen and 
worsted threads, we may expect the latter to give more uniform results 
than the former. The worsted thread contains only the long fibres of the 
wool staple arranged parallel to the axes of the thread before twist is put 
on in the process of spinning; the short and curly fibres of the staple are 
all combed out and rejected as " noil." The woollen thread, on the other 
hand, contains every fibre of the wool staple, long and short, straight and 
curly ; further, the fibres are mixed in every conceivable direction in the 
carding operation. 

To summarise the main conclusions which may be drawn from a study 
of *the analytical and experimental data shown in the tables and diagrams, 
let us consider first the direct twist or positive side of fig. 5. The graphs I. 
and 11. plotted from the experimental data are lower than A^ and Aj 
plotted on the assumptions (1) that corresponding points on the axes of the 
singles revolve in the same circle, (2) that the individual fibres in the singles 
have perfect freedom of rotation. Further, the relative positions of the 
curves are inverted ; Graph II., with the results for the smaller thread, is 
higher than Graph I. with the results for the thicker thread. The above 
hypothesis gives the graph A^ for the thicker thread higher than the 
graph Aj for the smaller thread. The numbers in Tables I. and II. and the 
graphs in figs. 3 and 4 all show that the contraction is invariably greater in 
the smaller thread. The graphs B^ and Bg obtained on the hypothesis (1) 
that corresponding axial points revolve about the centroid of the cross- 
section, (2) that individual fibres in the singles rotate freely, show vastly 
greater contraction on the smaller thread. Graphs I. and B^ for the thick 
thread practically coincide throughout the " direct " twisting. 

On passing over to consider the negative side of fig. 5, we at once notice 

(1) that the elongation in the initial stages of the " inverse " twisting is 
much more pronounced in the hypothetical conditions than in the actual ; 

(2) that as twisting proceeds, the hypothetical contractions increase much 
faster than the contractions actually observed in the threads. The graphs 
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of the former cut the corresponding graphs of the latter at different points 
(B^ would cut I. outside the limits of the diagram). 

The condition represented by graphs Bj and Bg is evidently extreme, 
but it must be borne in mind that the analytical results have all been 
deduced on the hypothesis that the fibres have perfect freedom of rotation. 
This is not true ; indeed, it is very far from the truth except in the initial 
stages of the second twisting. In the a<;tual thread, the individual fibres 
are neither absolutely free to rotate in the singles nor absolutely con- 
strained to move as a whole. The fibres, practically free to rotate for the 
first one or two turns, gradually become more constrained in their relative 
movements, though never becoming absolutely so. On a<;count of this 
constraint, it is therefore reasonable to expect that we should find, as we do, 
that the hypothetical curves shoot out above the experimental curves in the 
contraction parts of the diagram, and also that the former dip down 
beneath the latter in the elongation part of the diagram. The friction 
of the fibres rubbing on each other will oppose motion in either 
direction. Another fact which must be taken into account in explaining 
any divergence which occurs, is that the fibres projecting from the surface 
of the singles seriously interfere with the free motion of the latter as a 
whole about the centre of revolution in the second twisting. The ratio 
of the contractions would be very much greater but for this interference. 
We should naturally expect to find that the ratios for the woollen threads 
would be smaller than for the worsted threads, because the typical woollen 
thread possesses a large number of surffiLce fibres projecting from the body 
of the thread. The aim in making a worsted thread, on the other hand, 
is to develop parallelism so far as possible amongst the individual fibres. 
That this inference is just, is borne out by a consideration of fig. 3 and 
fig. 4. The individual members in the pairs of graphs in fig. 4, representing 
the results of twisting woollen threads, are closer together than those in 
fig. 3, which i*epresent the results of twisting worsted threads. This is 
especially noticeable on the positive sides of the diagrams, which represent 
the " harder " twist. 

In conclusion, the author has pleasure in acknowledging his indebtedness 
to the Carnegie Trust for the Universities of Scotland for the financial 
lissistance which hivs enabled him to prosecute this i^search. 
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XV. — On the Influence of Temperature on the Photo-Electric Dis- 
charge from Platinum. By W. Majisergh Varley, D.Sc. 
(Manchester and Leeds), Ph.D. (Strassburg), B.A. (Cantab.), Assistant 
Professor of Physics and Electrical Engineering, and Pred. Unwin, 
M.Sc. (Manchester), Assistant Lecturer in Physics, Heriot-Watt 
College, Edinburgh. CoTiiw/anicated by Professor F. G. Baily, 
M.A., M.I.E.E. 

(MS. received March 18, 1907. Read eame date.) 

iNTRODUCrrORY. 

Zeleny {Physical Review, xii., p. 321, 1901) has investigated the variation 
with temperature of the photo-electric discharge from a platinum wire in 
air at ordinary atmospheric pressure. 

He found that the photo-electric current decreased some 40 per cent, as 
the temperature was raised to about 200° C. ; after this a continuous increase 
in the current occurred up to 600° C, when its value was twice as great as 
at ordinary atmospheric temperatures. Zeleny further noticed a curious 
hysteresis effect, the photo-electric currents for corresponding temperatures 
being far greater during the cooling of the wire than during the heating. 

These experiments, as already stated, were carried out in air at ordinary 
pressure. The presence of so much gas, especially if the potential gradient 
between the electrodes is not great enough to give the saturation current, 
will complicate the phenomena enormously, and it is really impossible to 
judge, from experiments made under these conditions alone, as to the 
influence of temperature on the actual photo-electric discharge, that is, on 
the rate at which negative corpuscles are emitted per unit area of the 
illuminated surface. 

In order to eliminate any influence of temperature on the passage of the 
current through the gas, and especially on the secondary ionisation in the 
gas, due to *' ionisation by collision," it is essential to work in high vacua, 
when the mean free path of the ions is large compared with the distance 
between the electrodes, and ionisation by collision is in consequence 
negligible. 

The authors have carried out many series of observations under these 
conditions, viz., at pressures low enough to ensure the practical absence of 
any secondary ionisation in the gas itself, and under potential gradients 
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giving saturation currents, or currents which are practically independent 
of the potential difference betweeen the electrodes. (A series of experi- 
ments, hitherto unpublished, made by one of us, has shown that even in 
the highest attainable vacua an increase in the potential difference between 
parallel plane electrodes will produce a slight increase in current under all 
conditions, although this increase is very small in high vacua, and could not 
possibly affect the results of any experiments described below.) 

Series of observations were also taken in gases at atmospheric pressure, 
and at a pressure of about 50 millimetres of mercury, the latter pressure 
being chosen for the reason that saturation (or the nearest approach to it 
possible using the photo-electric effect as the ionising agent) could be easily 
obtained with the voltage at our disposal. These series, although, as ex- 
plained above, scarcely showing the effect of temperature on the actual 
photo-electric discharge, gave some interesting results, and incidentally led 
us to discover the important effect of absorbed gases on the discharge. 

The experiments were made with temperatures ranging from 5°C. to 
500* C. It was found impracticable, with the form of apparatus used, to 
employ higher temperatures than 500**. When the platinum was made 
hotter than this, the sealing-wax joints closing the experimental vessel 
soon became overheated and gave way. The pressure, too, could not be 
maintained as low as ^^ millimetre (at which pressure the experiments in 
vacuo were carried out) if higher temperatures were employed, whilst at 
about 500"* C. the platinum commenced to give off negative corpuscles due 
to heat alone. This effect increases rapidly with further increase in 
temperature, and soon completely masks the photo-electric discharge. 

Source of Ultra-violet Light. 

The source of ultra-violet light used throughout the series of experiments 
was a discharge between iron terminals in an atmosphere of pure hydrogen, 
as described by one of us in a previous article ( Varley, Phil. Trans, of tJie 
R.S. LonxdoUy p. 439, 1903). The spark apparatus is shown diagrammatically 
in fig. 1, in which TT are the iron wire terminals between which the 
sparks pass, the length of the gap being about 6 millimetres. The wires 
T T were enclosed in glass tubes G G, enclosed in turn in wider glass tubes, 
and finally passing through brass side tubes SS, attached to the main 
brass vessel B. At the front of this vessel a quartz window, Q, was 
sealing- waxed on (all joints are made with sealing wax), while two narrow 
tubes, A and E, served to pass a continuous stream of pure hydrogen, 
prepared electrolytically and dried by bubbling very slowly through con- 
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centrated sulphuric acid, through the apparatus during the whole period of 
the research. The spark terminals T T were connected to the secondary 
of an induction coil, I (see fig. 3), used as a simple transformer, 
alternating current of periodicity 100 per second, supplied from an 
alternator on the premises, being used to excite the primary of the coil 
after transforming down to give a root mean square voltage of 45. Four 
large Leyden jars, L, of total capacity 0*012 microfarad, were placed in 
parallel with the spark gap. 

The voltage on the primary of the induction coil and the periodicity of 




Fio. 1.— Spark Apparatos (half actual size). 

the current being kept always constant to within 1 or 2 per cent, the 
intensity of the ultra-violet light obtained was always the same to within 
the same degree of accuracy, and remained so for weeks without the slightest 
change in the intensity being detectable. A control "leak apparatus" 
specially set up for the purpose of testing the constancy of the illumination 
during the course of the various sets of observations, proved to be quite 
unnecessary, and was only used, therefore, as an occasional check. This 
constancy had the great advantage of enabling readings taken at any time 
to be compared with confidence with those taken days or even weeks before. 
Owing to the difficulty of obtaining the regular use of the alternator, 
we tried various other sources of ultra-violet light, including a powerful 
Nemst lantern lamp, recommended by Mr H. S. Allen, but all proved quite 
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unsatisfactory for our purpose. With the Nemst lamp, for example, the 
intensity of the ultra-violet available proved to be only a very small 
fraction (less than a hundredth) of that obtained from our spark in 
hydrogen, and quite unsuitable for a research of this character. 

A quartz convex lens of about five inches focal length was attached to 
the same stand as the spark apparatus, so that the spark gap, T T, was at a 



Pt-Rh 




To Pump 



FiQ. 2. — Leak Apparatus (half actual aize). 

distance from the lens eijual to its focal length, thus giving a perfectly 
parallel beam of ultra-violet light 



Apparatus and Method of EIxperiment. 

The plioto-electric currents were measured from a piece of platinum 
foil to a copper disc placed some 1*2 centimetres in front of it: the 
apparatus used for the purpiv^ is shown diagrammatically in fig. 2. 

One of us (Varley, PhiL Timiknx, p. 439, 1903; note on p. 455) had 
previously found that for measurements at vt^ry low pressures, say below 
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one-fiftieth of a millimetre of mercury, satisfactory results could not be 
obtained by using wire or gauze electrodes, owing to the ions, shot off from 
the sensitive electrode normally to the illuminated surface, passing in part 
through the meshes of the gauze, just as would be the case with a stream of 
cathode rays. We decided, therefore, to use only plane electrodes, the 
ultra-violet light being admitted into the leak apparatus, as we may name 
it, through a quartz window Q, and falling obliquely on to the central 
portion of the platinum foil Pt. 

The foil, about 5 cms. long by 2*5 cms. wide, was held in position by 
being riveted to copper strips at the ends, whilst these were screwed on 
to two copper rods, W W, which latter passed through glass tubes,Isealing- 
waxed into brass tubes attached to the main apparatus. These and all 




>i 



Pt-Rh(^ 
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i^^---\H^ 



• E 



in 



Fio. 3. — Diagram of Electrical Connections. 

other joints were made air-tight by sealing wax. The rods, W W, served 
as conductors for the heating current, whilst the copper strips served to 
ensure the equal distribution of this current throughout the breadth of the 
foil. Only the central portion of the foil, about 1*5 sq. cms. in area, was 
illuminated by the ultra-violet light, so that the field between this and the 
copper electrode, Cu, in front of it would be fairly uniform. 

The temperature of the foil at the centre was determined by means of 
a platinum-rhodoplatinum junction welded on to the foil, the two wires 
being led out of the apparatus through two brass tubes at the back, 
narrower glass tubing around the wires serving to insulate them. The 
connections of these wires with copper leads were made in a beaker con- 
taining an insulating oil, the temperature of which could be read by a 
suitable thermometer. The thermo-electric E.M.F. generated when the foil 
was heated was read by means of a Sullivan galvanometer, G (fig. 3), 



122 Proceedings of the Royal Society of Edinburgh. [Sess. 

previously calibrated, a suitable resistance, R, being placed in series. 
Owing to the fact that it was impossible either to have a point contact of 
the thermo-junction with the foil, or to ensure that the two points at which 
the junction wires left the foil should be on an equipotential line, it was 
always necessary to read the galvanometer deflection before and after 
reversing the direction of the heating current through the foil. The mean 
of these deflections (whose difference was never large) gave the true thermo- 
electric E.M.F. generated. 

The thermo-electric junction itself was calibrated against a reliable 
mercury thermometer up to about 300° C. and at 800° C. by immersing in 
molten sodium chloride at its freezing point. A more accurate calibration 
was unnecessary for our purpose. 

The platinum foil was heated by the current from two large secondary 
cells, 6, a suitable rheostat, Rh, ammeter, A, and reversing switch, D, being 
placed in series. All these, as well as the instruments in the thermo-electric 
circuit, were carefully insulated from earth in order that the platinum foil 
might be raised to any desired potential by small storage cells (W. G. Pye's 
pattern). 

The copper electrode, Cu, was connected directly to one pair of quadrants 
of a Dolezalek electrometer of high sensibility, and, except in the intervals 
required to take readings, to earth through the key K. A standard 
Muirhead condenser, the capacity of which could be varied from 0*001 to 
0*2 microfarads, was also placed in parallel. The second pair of quadrants 
of the electrometer and the other plates of the condenser were permanently 
earthed, whilst all wires leading to the electrometer, the condenser, key, 
etc., were enclosed in earthed metallic casings. 

The measurements of the photo-electric currents were made as follows : — 
The primary circuit of the induction coil was closed, starting the ultra- 
violet light ; about three seconds later the pair of quadrants of the electro- 
meter connected to the electrode Cu were insulated by breaking the earth 
connection at K electromagnetically, a stop watch being started simul- 
taneously. The light was switched off exactly ten seconds later, and the 
electrometer deflection read at leisure as soon as it had become steady. 
Accuracy to 2 per cent, was always attained. 

The platinum or sensitive electrode could be charged up to any potential 
up to 200 volts from small storage cells, fe, and up to 435 volts by utilising 
the city mains. 

The leak apparatus was connected to a Topler pump, M*Leod gauge, 
and suitable drying tubes. Plugs of gold and silver leaf were inserted 
between the pump and leak apparatus in order to exclude any mercury 
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vapour. The apparatus was also comiected through suitable stop-cocks 
with a Geryk vacuum pump, which enabled the exhaustion to be carried 
out with great rapidity and ease down to a pressure of 0*05 mms. mercury, 
below which, of course, the Topler pump had to be employed. Arrange- 
ments were also made for filling the apparatus with other pure gases when 
required. 

Experiments in Air. 

(1) Air at Atmospheric Presav/re. 

Series of observations were made in air at atmospheric pressure in order 
to repeat Zeleny's determinations under the very different conditions under 
which we were working. The results obtained by us may perhaps be best 
seen from the following table, which gives the mean values of the photo- 
electric currents at different temperatures for one typical series of observa- 
tions, in which the platinum was charged to — 200 volts : — 



Photo-electric ^ Heating 
current in i current in 
arbitrary units. I amperes. 

1 


Temperature 
in'C. 


1 

111 

113 10 

74 15 

24 20 

64 25 

1 


14' 

178' 
319" 
555' 



The photo-electric currents were in all cases measured as the electrometer 
scale deflections obtained for ten seconds illumination. 

In the above series the sensibility of the electrometer was such that 
5720 scale divisions represented a potential difference of one volt between 
the quadrants. A capacity of 0*002 microfarad was placed in parallel with 
the electrometer, making a total capacity of 0*0024 microfarad, so that one 
scale division per 10 seconds represented a current of 4*2x10"^* amperes. 

In the above experiments the final values of the photo-electric currents 
were not attained immediately after increasing the temperature. At 178° C. 
the value 74 was not reached until the heating current had been on for over 
ten minutes, although the platinum took up its final temperature within a 
few seconds. At 319° C, too, the current fell to 38 units one minute after 
applying the 20 amperes heating current, and only ten minutes later had 
reached the steady value 24. At 555° C. the current rose from 50 units, one 
minute after increasing the heating current, to 64 units twenty minutes 
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later. At this temperature a slight discharge took place from the negatively 
charged foil due to the heating alone, whether or no the foil was illuminated 
by ultra-violet light. The photo-electric discharge could not be investigated 
at higher temperatures owing to the rapid increase in this hot metal 
discharge with temperature. 

The maximum reduction in the photo-electric current below the initial 
value is thus about 80 per cent., as against 44 per cent, found by Zeleny, 
whilst the temperature at which the discharge current became a minimum 
was about 200° C. higher than that observed by Zeleny. 

After switching off the heating current the photo-electric current was 
found to have increased to 240 units, and was therefore more than double 
its previous value at the temperature of the room. In the course of a 
couple of days, however, it fell to its former value. 

This increase was always obtained when the platinum had been heated 
to temperatures above 360° C, although when heated to say 150° C, at 
temperature at which the current is less than at ordinary temperatures, it 
does not even return immediately to its full original value on taking off the 
heating current, but requires several hours to do so. 

(2) Air at a Pressure of 46 mms, of Mercury. 

The potential difference applied, 200 volts, was high enough, as pre- 
liminary experiments showed, to give saturation currents — ^as nearly as 
possible independent of the voltage. 

At this pressure we found that the discharge current of 58 units at 
15° C. (the unit being about four times as great as in the experiments at 
760 mms. pressure, since the sensibility of the electrometer was the same 
as before, whilst the capacity in parallel was now 0*01 mfd.) increased 
immediately to 65 units at 78° C. and to 69 units at 160° C, the heating 
current to give the last temperature being 10 amperes. An increase of 
current to 13 amperes gave a temperature of 250° C, and the photo-electric 
current decreased slowly to a final value of about 28 units in an hour. 
The actual readings obtained in one series at this pressure are given in the 
following table, which also gives the readings after breaking the heating 
circuit. It will be seen that the sensibility of the platinum slowly returns 
to practically its initial value. 
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Time, 


Photo-electric current in 


Heating 

current 

in amperes. 


Temperature 


7th March. 


arbitrary units. 


in^'C. 


2.30 p.m. 


56 67 58 


} » 


15- : 

1 


to 2.60 p.m. 


57 58 58 


2.51 


Heating current switched on. 


1 


■ 


2.52 


66 




1 
1 


2.55 


66 


7 


78^ i 


2.58 


66 




1 


3.1 


65 






3.2 


Heating current increased. 


% 




3.3 


70 




1 


3.6 
3.8 


69 
70 


10 


leo** 


3.11 


69 






3.13 


69 






3.14 


Heating current increased. 


^ 




3.15 


64 






3.17i 


56 






3.20 


53 






3.22 


1 50 






3.25 


48 




1 

1 


3.27 
3.32 


46 
43 


► 13 


1 

250'* 


3.35 


40 






3.51 


35 






3.53 


31 






3.56 


29 






4.16 


28 






4.18 


29 


^ 




4.19 


Heating current switched oflf. 


> - 


• 


4.20 


35 






4.23 
4.26 


39 
39 




►25** to 16' 


4.42 


44 





■ 


4.45 


45 




J 


8th Mar., 


) 




\ 


4.10 p.m. 


} 60 




i Uy'' 


4.13 


) 60 . 


d 


/ 



The gradual diminution in the photo-electric current with time at 250° 
is also shown by the curve in fig. 4. 

This curve is a logarithmic curve, and can be represented by the equation 

C-27 = 69e-oo6« 



where C is the photo-electric current in the above arbitrary units, and t is 
the time in minutes. 

If log (C — 27) is plotted against t, a straight line is obtained — shown in 
fig. 4a. 
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(3) Air at a Presaure of 00035 mm. Mercury. 

A large number of series of observations were made in air at a pressure 
of about 0*0035 mm. of mercury. At this pressure the mean free path of 
an ion in air is about 10 cms., and is therefore much greater than the 
distance between the electrodes (1*2 cms.). A potential of 80 volts was 
ample to give saturation, and the photo-electric current varied very slowly 
with the pressure, even doubling or halving the pressure only increasing 
or decreasing the current by about 7 to 8 per cent., whilst doubling or 
halving the potential gradient had a scarcely greater effect. Hence we 
may assume that under these conditions we are measuring the variations 
in the actual photo-electric discharge, quite independent of any charges 
due to secondary ionisation in the gas. 

In all the experiments made under the above conditions, the sensibility 
of the electrometer was 5940 divisions per volt, and the capacity in 
parallel 0*05 mfd. A current, therefore, which gives to the electrometer 
a charge producing a deflection of 1 scale division per 10 seconds is equal 
to 8 X 10'^' amperes. 

When the apparatus had been standing exhausted to ^^ mm. pressure for 
nineteen days, the photo-electric current was 36 units (1 unit = 8x10"^* amp.). 
On applying a heating current of 10 amperes, giving a temperature of 
163° C, the photo-electric current rose at once to 129 units, and remained 
constant at that value for half an hour, readings being taken every few 
minutes. 

On breaking the heating circuit the current fell to — 

123 imits in 4 minutes. 
103 „ 14 

90 „ 40 

71 „ 5^ hours. 

65 ., 24 



y» *^ »» 



» 



»» *• * j> 



On now applying a heating current of 5 amperes, giving a temperature 
of 50*" C, the photo-electric current rose to 127 units in about fifteen 
minutes, and remained constant at that value for more than an hour. On 
increasing the heating current to 10 amperes, giving a temperature of 
163 ° C, there was no appreciable change in the sensibility, the photo- 
electric current now having a value of 129 units. A further increase of 
temperature to 278° C. reduced it very slightly, to 122 units, whilst it 
returned to 129 units again on reducing the temperature to 163°. 

On breaking the heating circuit the sensibility fell in twenty-four hours 
to 66 units again, and it was repeatedly foimd that after the platinum had 
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been heated to 200-300° C. the sensibility always fell to this value in 
twenty-four hours, falling to 50 units in three days, and to about 36 units 
in three weeks. 

Between temperatures of 60° C. and 350° C. (the highest attainable in 
vacuo with our apparatus) the sensibility of the platinum remained always 
very nearly constant, perhaps falling at most 4 per cent, between these 
limits, though the accuracy of the method hardly justifies us stating 
definitely that such a small diminution actually occurs. Whatever the 
initial value of thie sensibility of the platinum, a rise of temperature of 50° 
or 60° C. always restored it to the same constant value, and on switching off 
the heating current the sensibility always decreased regularly, falling to 
about half its maximum value in something like twenty-four hours. 

It is possible that the heating current may affect the sensibility of the 
platinum directly, quite apart from the increase of temperature produced. 
In this case it would seem that, with the piece of platinum used, a current 
of 5 amperes is as effective as one of 15 or even 20 amperes, since an 
increase from one to the other produces no change in the photo-electric 
current. We made a number of experiments on this point, but the results 
obtained were not very conclusive. 

Experiments in Carbon Dioxide. 
(1) Carbon Dioxide at Atmospheric Pressure, 

The results obtained in carbon dioxide at atmospheric pressure were 
very similar to those obtained in air at the same pressure, and are 
summarised as follows : — At 14° C. a photo-electric current of 91 units was 
obtained ; at 140° C. the value fell rapidly to 71 units, at 263° C. to 34 units, 
and at 440° C. to 23 units. Above this temperature it rose again, and a 
current was also obtained due to the temperature alone, this latter current 
reaching 15 units at 670° C. 

On stopping the heating current the sensibility was found to have 
increased, giving 190 units at the temperature of the room. The maximum 
diminution in sensibility observed is thus practically identical with that 
found in air under the same conditions, but the sensibility took up its final 
value rather more quickly than in the case of air. 

(2) Carbon Dioxide at a Pressure of 46 TriTns. 

The fall in the photo-electric current with temperature in carbon dioxide 
at this pressure was less marked than that in air at the same pressure and 
under precisely similar conditions. 
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The photo-electric current of 85 units at 13° C. fell to 83 units at 43° C, 
67 units at 143° C, 61 units at 258° C, and 62 units at 368° C, rising almost 
immediately to its original value at 13° C. on switching off the heating 
current. 

On a separate occasion a precisely similar result was obtained, a gradual 
fall from 85 units at 15° C. to 60 units at 370° C. being obtained. 

The much shorter time required for the platinum to attain its final 
constant sensibility at any temperature in carbon dioxide than in air was 
strongly marked at this pressure, the steady values in the above experi- 
ments being attained within a minute or two at most after increasing or 
reducing the temperature of the platinum. 

(3) Carbo7i Dioxide at a Pressure of 0*0035 mm. 

Observations were made in carbon dioxide at a pressure of 00035 
millimetres of mercury. The potential applied and other conditions were 
precisely the same as those for the experiments in air at the same pressure. 

The results obtained were also identical with those obtained for air, a 
comparatively small heating current producing an increase in sensibility up 
to a certain value, beyond which no further increase in the heating current 
produced any effect. It is, therefore, unnecessary to go into further details 
of these series of observations. 



Experiments in Hydrogen. 

(1) Hydrogen at Atmospheric Pressure, 

The results obtained in hydrogen at atmospheric pressure are summarised 
in the following table : — 



Mean value of 

photo-electric current 

in arbitrary units. 


Heating current 
in amperes. 


Temperature 
in'C. 


92 
110 
120 
135 
181 



16 
20 
25 
30 


91 
137 
225 
340 



and after the heating current had been switched off the photo-electric 

current fell to 105 in seven minutes and to 95 in twenty minutes. 

We thus see that in hydrogen the photo-electric current increases 

steadily with the temperature from the ordinary temperature of the room — 

an absolutely different behaviour from that in either air or carbon dioxide. 
VOL. xxvn. 9 
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(2) Hydrogen at a Pressure of 49 mma. 

The platinum, as in all the experiments at high pressures, was charged 
to 200 volts negative, while the value of the arbitrary unit in which the 
photo-electric currents were measured was the same as in air and carbon 
dioxide at the same pressure. Owing to the high conductivity for heat of 
hydrogen, it was found impossible to raise the temperature of the foil above 
200* C, a heating current of 20 amperes being required to give this 
temperature. 

The results obtained are given in the following table : — 



Mean value of 

photo-electric current 

in arbitrary units. 



85 

91 

98 

100 

105 



Heating current 
in amperes. 





5 

10 

15 

20 



Temperature 
in'C. 



14** 

30 

62 

111 

196 



On switching off the heating current the photo-electric current fell to 
96 in ten minutes, and to 88 some twenty hours later. 

(3) Hydrogen at very Low Pressv/res, 

The influence of temperature on the photo-electric currents in hydrogen 
at a pressure of 0*0035 mm. is similar to that in air and carbon dioxide — 
viz., a small increase of heating current, and therefore of temperature, 
produces an increase in the sensibility up to a maximum value, after which 
the heating current may be increased so as to raise the temperature up to 
at least 370** C. without producing any further increase in the sensibility. 

This maximum sensibility appears to be at least 30 per cent, lower in 
hydrogen than in either of the other gases, whilst the change in sensibility 
produced is much less marked, the photo-electric current of 45 units at 
14° C. (after the platinum had been left unheated for three days) rising only 
to 70 units at 370° C, this same ratio of increetse being obtained on other 
occasions under the same conditions. 

It is important for the success of these experiments that the vessel shall 
have been standing exhausted to the low pressure for some days before the 
observations are taken, in order that the quantity of hydrogen occluded in 
the platinum may have reached a constant value. 

We noticed that when the apparatus, which had been standing filled 
with hydrogen at a high pressure for nearly a week, during which time the 
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platinum had been frequently raised to temperatures over 300* C, was 
exhausted to a very low pressure, 8 divisions on the M'Leod gauge (0*093 
mm. of mercury), the sensibility steadily diminished with the time. The 
following table shows one set of observations taken : — 



Time. 


Photo-electric current. 


1 2 noon. 


Apparatus pumped out. 


12.7 p.m. 


d8 


12.12 


90 


12.15 


88 


12.18 


85 


12.21 


82 


12.24 


78 


12.30 


73 


12..34 


74 


12.50 


69 



The pressure during this series rose to 12 divisions on the gauge (which 
would tend to increase the current slightly), and continued to rise steadily, 
being 21 divisions seven hours later and 28 divisions twenty-seven hours 
later, and practically constant. The current was now 50 units, and 
the pressure upon reducing to 7 divisions (the original pressure after 
exhaustion), fell to 45 units. This rise in pressure could only be accounted 
for by the liberation of hydrogen occluded in the platinum foil. Calculations 
showed that at the higher pressures the platinum would easily absorb 
hydrogen in sufficient quantity to cause this increase in pressure (in all 
about 0'006 mm. mercury) when liberated. Application of heat to the foil 
produced a very slight liberation of hydrogen, 3 or 4 divisions on the gauge, 
after which the pressure remained perfectly constant even when the foil 
was raised to 370° C. It thus seems certain that the absorbed hydrogen 
increases the photo-electric sensibility of a platinum surface, and this may 
easily account for the difference between the effect of temperature on the 
photo-electric currents in this gas at high pressure and those in air and 
carbon dioxide. 



Discussion of Results. 

The variations with temperature of the photo-electric currents in air, 
carbon dioxide, and hydrogen at atmospheric pressure are shown graphically 
in fig. 5, the results obtained by Zeleny in air being also plotted for 
purposes of comparison. The actual photo-electric currents observed for 
carbon dioxide have been multiplied by 1*22 in order to compare the values 
better with those for air, the values at 14° C. now coinciding. 
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It will be noticed that the remaining points observed for carbon dioxide 
fall exactly on the curve for air, showing that the effect of temperature on 
the photo-electric currents in these gases is identical at this pressure. In 
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hydrogen, on the other hand, the photo-electric currents increase steadily 
with the temperature from the first. 

The difference between our results and those of Zeleny is doubtless due 
to the fact that Zeleny was using a voltage far below that required to give 
the saturation current, only 72 volts for a distance of 1'6 cms.; also to 
the fact that he used as his sensitive electrode a bent piece of platinum 
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wire, measuring the leak to a piece of gauze, an arrangement which would 
hardly give a imiform field. 

Furthermore, in Zeleny's experiments the readings were taken at intervals 
rapidly succeeding one another, only some twenty minutes being occupied 
in taking the complete series, one reading only being taken at each tempera- 
ture, and no time being allowed for the current to take up its final value 
at any particular temperature — a factor of the highest importance. 

The results in the different gases at 46 mms. pressure show no very 
marked difference from those at the higher pressure. In the case of 
neither carbon dioxide nor air was a point reached at which the current 
began to increase with the temperature, but this was doubtless due to the 
fact that the temperature could not be raised above 400° C. in gases at this 
pressure. 

In no case could the currents be measured accurately at temperatures 
much above 500° C. owing to the constant emission of negative corpuscles 
due to the temperature alone. This effect commences about 500° C, and 
increases very rapidly as the temperature is further raised. 

The experiments show that in air and carbon dioxide, and to a much 
less marked extent in hydrogen, time is required before the photo-electric 
current reaches its final value at any temperature, and on reducing the 
temperature to that of the atmosphere, many hours may elapse before the 
current returns to its original value. If in air or carbon dioxide the 
platinum was heated to above the temperature at which inversion took 
place (about 400° C), a large increase in the sensibility occurred, the photo- 
electric current at 14° C. being twice as great after as before the heating, 
and requiring many hours to fall again to the original value. If heated to 
temperatures not exceeding 300° C. in these gases or in hydrogen, no such 
increase in sensibility was observed. 

Some change in the surface of the metal must therefore take place at 
these high temperatures, for if the change with temperature was due to say 
a change in the secondary ionisation in the gas, near to the surface of the 
metal of course, we should naturally expect the readings at any particular 
temperature to be the same, irrespective of the previous history of the 
metallic surface itself. The increase cannot well be accounted for by an 
absorption of gas, since it occurs in carbon dioxide, which is not known 
to be absorbed by platinimi. 

The experiments carried out at very low pressures in the different gases 
show that imder these conditions the behaviour of the platinum is inde- 
pendent, to a large extent at least, of the gas. In every case a comparatively 
small heating current was sufficient to increase the photo-electric sensibility 
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up to a certain maximum value, beyond which no further increase in the 
heating current produced any further appreciable result, the sensibility 
remaining constant for a range of temperature from 60° C. to at least 350"* C. 
Between these limits we can then say that the specific photo-electric dis- 
charge from platinum is independent of the temperature. 

On stopping the heating current the sensibility of the platinum slowly 
fell, decreasing to about half its value in twenty-four hours. The rate of 
decrease was proved to be in no way influenced by allowing ultra-violet 
light to illuminate the surface of the platinum. 

Whether or no the passage of heating current through the platinum, 
apart from the rise in temperature produced, is a factor bringing about the 
increase in the sensibility of the platinum to its maximum value, cannot be 
definitely stated. We hope, however, at an early date to decide this point, 
an investigation to that end being in progress. 

The apparatus required in the above investigation hfius, in part, been 
provided out of a grant made by the Carnegie Trustees, to whom our best 
thanks are due. 

Our thanks must also be expressed to Professor Baily for granting us the 
very frequent use of certain machines in the alternating current laboratory. 



{Issued separately May 31, 1907.) 



1906-7.] Dr Muir on Axisymmetric Detenninants. 



135 



XVI.— The Theory of Axisymmetric Determinants in the Historical 
Order of its Development up to 1860. By Thomas Muir, LL.D. 

(MS. received December 24, 1906. Read January 21, 1907.) 

Cayley (1841, May). 

[On a theorem in the geometry of position. Cambridge Math. Jov/ni., 
ii. pp. 267-271 : or Collected Math. Papers, i. pp. 1-4.] 

A GENERAL accoiint has already been given of this interesting paper — 
interesting as regards the subject, and interesting as being the author's 
first 'prentice effort. All that remains to be noticed here is what may be 
called Cayley s series of vanishing axisymmetric determinants. These we 
may write in the short form 



(«)21 

{'hi 



(«)l2 («)l8 1 

(«)28 1 
1 



(^) 



82 
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(«y) 
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1 



(«y)i8 
(ajy)28 

(^)82 

(«y)42 («//)43 



Mu 
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Mm 
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1 
1 
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1 



1 



{xyz\^ {xijz)iQ (xyz)^^ 
(^2/2)28 (a^«)24 



(«y«)2i 

M)si («y«)32 

M)4i M\2 MU 

(xy^)ti M)m M)fA 

1 1 1 



M)i^ 

M)2& 

M)u M)u 
M\t 

1 1 



1 
1 
1 
1 
1 



if we put 



{x)„ for {xr-x^\ 
(xy)„ for («,. - a;,)2 + (y^ 
{xyz)r, for (av-«,)* + (yr 



y,)2 + («,-«,)2, 



The fact that they are identically equal to zero is established by showing 
that each one is resolvable into two factors, of which one or both vanish ; 
for example, that the first is equal to 
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where, for the moment, we use x ^ to indicate row by row multiplication. 

It should be noted that not more than three of the series are con- 
templated by Cayley, eu9 he viewed the identities mainly on their 
geometrical side, namely, as giving the relation between the distances of 
three points in a straight line, four points in a plane, and five points in 
three-dimensional space.* 

Hesse (1844, Jan.). 

[Ueber die Elimination der Yariabeln aus drei algebraischen Gleich- 
ungen vom zweiten Grade mit zwei Variabeln. Crelle'a Journal, 
xxviii. pp. 68-96.] 

In this paper there appears the first refei-cnce to the special form of 
determinant which heus for its elements the second difierential-quotients of 
a function, and which consequently is axisymmetric. On account of its 
importance this form falls to be dealt with separately: we merely note 
here that Hesse himself viewed it as a special form of Jacobian, namely, 
the Jacobian whose originating functions are the first differential-quotients 
of a single function, and that he called it the determinant of this single 
function, a practice which, when the function is quadratic, is not at 
variance with that introduced by Gauss. 



Cayley (1846). 

[Probfeme de gA>mArie analytique. Crelle's Journal, xxxi. pp. 227- 
230: or d^llected Matk. Popers, i. pp. 329-331,] 

The problem in question depends on an algebraic identity which, after 
a little examination, is seen to be a property of axisymmetric determiDant& 
Cayley writes the identity in the form 

Fira^+v^VK(U) - F„.(U).K(U+^'') = {F^.(r)}« 

where 

U«Ajr« + iy + Ci« + 2Fvr + 2Gar-l-2Hxv + 2Ij» + 2Myfr + 2Xrir + Pir^, 

^ To one taki^ this point of view SylTcster's paper ^ On Standt's UiecHons . . . ." wiU 
be of intemL See Pkiht^ Ma^:xmt, iv. (1852X pp. 33S-343 : or CoUecUi Math. Paprr^ L 
ppi 382-^1, 
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K(U) = 
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and P^ (U) is what is obtained from P^ (U) on changing a, ff, y, 8 into 
i> »7> f , o) respectively : but freed of all fresh notation it is nothing more nor 
less than 



V 



A + a2 

G + ya 
L + 8a 



H + aj8 G + ay 

B + j82 F + j8y 

F + yjS C + y« 

M + 8/? X + Sy 
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L + 8a 
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Nothing is said about the mode of proving it* 



A H G L 

H B F M 

G F C X 

L M X P 



G + ay 

F + J»y 
C + y2 

X + 8y 



L + a8 

M + /38 
X + y8 
P + 82 



* If we note that the first determinant can be written in the form 



and the fourth in the form 
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light dawns at once, for the last three determinants of the identity are then seen to be 
principal minors of the first, and the identity itself to be a case of Jacobi's theorem 
regarding a minor of the adjugate. 
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« H (1) " (1846, Nov.). 
[Mathematical notes, ii. Cam6. and Dublin Math. Jov/m., i. p. 286.] 

A correspondent signing himself as above puts on record without proof 
two identities which, when the notation of determinants is used, may be 
written in the form 



aa - hb' - cc aV + ha! ca' 4- ac 

ab' -»- ba hU -cc - aa! he + cb' 
ed + ac be + c6' cc -aa' - bV 



= (a2 + 6« + c^)(aa' + bV + cc'){a:^ + 6'2 + c'2) 



and 



2aa' 
aV + hd 
ca' + ac 



ab' + bd 

2hb' 
be + cb' 



cd + ac' 

bc' + cb' 

2cc' 



= 0. 



It is seen that both determinants are axisymmetric, that the second is 
expressible eu9 the product of two vanishing determinants, and that the first 
is formable from the second by subtracting axi'+hh'+cc' from each 
diagonal element, — a fact which, taken along with the vanishing of the 
second, shows that aa'+W+cc' is a factor of the first. 

Cayley (1847). 

[Note sur les hyperd^terminants. Crdle'a Journal, xxxiv. pp. 148- 
152 : or Collected Math, Papers, i. pp. 352-355.] 

The second paragraph of this note concerns the expression 

Qabcd + 3b^c^ - a^ciP - 4ac* - ib^d , or v say* 

soon afterwards (1851) to be called the " discriminant" of the binary cubic 

aa^ + '6b3i^y + :icxy^ + y^; 

and Cayley's proposition is that the determinant whose elements are the 
second difierential-quotients of v with respect to a, 6, c, d, namely, the 
axisymmetric determinant 



2e?2 ecfl 


Qbd - 12c« 


6bc-iad 


Qcd 6c2 - 2ibd 


6a^;+12&c 


6flk5-1262 


6&rf-12c2 ead-\'l2hc 


Qb^ - 2iac 


Qab 


66c -4aJ 6ac-1262 


Qab 


-2a« 



is a numerical multiple of y^. As a matter of fact he says the multiplier 
is 3 ; but this is because, instead of writing the determinant as here, he 
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removes from it the factors 2, 6, 6, 2. A verificatory proof, unsatisfactory 
to himself, is given, the determinant being as a preliminary again altered 
into a multiple (by 1296) of 



ab 
3bc - 2ad 



or 



ba 
ea - 3r 
da-h9q 



ab 

2c2 - bd 

ab 

b^ + 2r 

cb-q 

db-Sp 



2b^-'ac 

^bc + ^ad 

^5J-ic2 

cd 



3bc ' 2ad 
2c« - bd 

cd 

d^ 



ac-Sr 

bc-q 

c^'¥2p 

dc 



ad + ^q 
bd-Sp 

cd 
d'^ 



where 



p-§(W-c2), g = J(^c-arf), r=f(a(5-62)^ 



the last change being probably due to the fact that it was known that 
and that verification would thus be easier. 



Sylvester (1850, Aug.). 

[On the intersections, contacts and other correlations of two conies 
expressed by indeterminate co-ordinates. Cambr^idge and Dvhlin 
Math. Joum.y v. pp. 262-282 : or Collected Math. Papers, i. pp. 
119-137.] 

In this paper an important property of axisymmetric determinants is 

incidentally brought to notice; but, unfortunately, the author's intended 

statement is almost hidden through want of care. He says (p. 270) that 

the determinant 

A C B' Z i 

C B A' m 

B' A' C n 

I 771 71 



where 



A= 6c-a'«, B=(ra-6'2, C =a&-c'«, 

A' - - b'c + aa\ IV = - cV + bb\ C = - a'b' + ce\ 



is " the product of the determinant 
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by the quantity 



aZ2 + bm^ + cm2 - 2anin - 2h'ln - 2c Im ." 



Now the said four-line determinant is not resolvable unless A', B', C be 
changed in sign, and even then the second factor is not as printed, but is 

- (aZ2 + Imi^ + cn^ + 2a mn + 2b'nl + 2c Im) . 

The theorem, in fact, may be viewed as giving an expression for the 
product of a ternary quadric by its discriminant; and at a later date 
might have been written 

X y ; 
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No proof is given by Sylvester; but in a footnote we are told that it 
depends on "a theorem given by M. Cauchy, and which is included as 
a particular ease in a theorem of my own, relating to compound 
determinants." What theorem of Cauchy 's is thus referred to it is not 
easy to say. One would think that the most natural proceeding would 
be to show that the coefficients of x^, i/^, . . . on the one side are identical 
with those on the other; and, in this case, the names to be mentioned 
would be Lagrange and Jacobi. 

In a postscript Sylvester enunciates a theorem connected with the 
linear transformation of an ^i-ary quadric; and as this concerns the 
"determinant" of the quadric, or what a year later he named the 
"discriminant/* it necessarily involves a property of axisymmetric 
determinants. His wording (p. 281) is: — "Let U be a quadratic function 
of any number of letters x^,x^, , , , , x^, and let any number r of linear 
equations of the general form 

be instituted between them ; and by means of these equations let U be 
expressed as a function of any ti— r of the given letters, say of 



X 



r+l 



, a;,+2 , . . . , a;„ , and let U so expressed be called M. Let 



air^l + «2rCj+ . . . +«nr^n 



be called Lr. Then the determinant of M in respect to the n — r letters 
above given is equal to the determinant of 



U + Lia;„+i + L5jic„+2+ ... +L^, 



n-k^ 
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considered as a function of the n+r letters 



^1 > •''2 » • • • » '^n+r 



divided by the square of the determinant 
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As regards this we have to remark (1) that again no proof is oflFered, 
and (2) that the discriminant of U + Ljaj^+i + . . . -j- LraJn+r is easily got 
by " bordering " the discriminant of U. Taking the case where U is 

ax2 + by^ + cz^ + dto^ + ^fyz + 2gzn + 2Jixy + 2pQcw + 2qijto + 2rzw 
with the discriminant 
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and where the linear equations serving to eliminate x , y from U are 

we have, according to Sylvester, the discriminant of the altered U 

equal to 
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Sylvester (1852, July). 

[A demonstration of the theorem that every homogeneous quadratic 
pol3niomial is reducible by real orthogonal substitutions to the 
form of a sum of positive and negative squares. Philos. Magazine, 
(4) iv. pp. 138-142 : or Collected Math. Papers, i. pp. 378-381.] 

What is really proved here is the important proposition in the theory 
of orthogonants regarding the reality of the roots of Lagrange's deter- 
minantal equation, or, as it was then called, the equation of the secular 
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inequalities. Our present interest in the demonstration, however, lies 
merely in the fact that it is based on two properties of axisymmetric 
determinants which it is desirable to isolate and to have more carefully 
formulated than it was Sylvester's wont to do. They are — 

(1) If I (11) (22) .... {nn)\ be axisymmetric, and the result of 
multipljdng it by itself be |[11] [22] .... ['W'^]!; and if f(x) be the 
determinant got from the former by adding x to each element of the prin- 
cipal diagonal, and F(x) the determinant got similarly from the latter ; then 

f{x)'./{-x) = F(-^2). 

(2) If F{x) be expanded and arranged according to descending powers 
of X, so that 

Y{x) = «'» + Cia:"-^ + C2a^-«+ . . . +Cn, 

then C^ is the sum of the squares of all the r-line minors of the original 
determinant, it being understood that the one-line minors are the elements 
and the n-line minor the determinant itself. 

Both are taken for granted, — a liberty which is not so defensible in the 
second case as in the first ; for C^ is at the outset obtained merely as the 
sum of the r-line coaxial minors of |[11] [22] .... [nn] |, and use must 
thus be latently made of the not quite self-evident theorem that if A be an 
axisyniTnetric determinant, the sum of the r-line coaxial minors of A^ 
is the sum, of the squares of aU the v-lin^ minors of A. As an illustration 
of the whole, let us take the case where the given determinant and its 
square are 
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and where therefore 
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= -a^ + a^ 



a2 + /i2 + y2 



-a;2 



a h 
h h 
a g ^ 

h g^ 

hf 
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a g 
hf 
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h g 2 
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s^ 



k g 
bf\ 
h g^ 
fc 
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The fact that the coefficients here are negative and positive alternately 
is what Sylvester utilises for his main purpose, application being made of 
Descartes' rule of signs. 



Sylvester (1852, Oct.). 

[On Staudt's theorems concerning the contents of polygons and poly- 
hedrons, with a note on a new and resembling class of theorems. 
Philos. Magazine, (4) iv. pp. 335-345 : or Collected Math. Papers, 
i. pp. 382-391.] 

As an illustration of his mode of expressing the product of two deter- 
minants of the n^^ order as a deterniinant of the (n+iy^ order, Sylvester 
^ves the identity 
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where Sa;,^, is put for x^s+Vr^s+^r^^' Then performing on the last deter- 
minant the operations which we may denote by 



row^ - J2a^*. row^ , rowj - ^SjCj^. row^ , . . . 
coll - i^i*- ^^h > C0I2 - ^2^2^, C0I5 , . . . . 



he obtains 
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so that, if Xr^y yZr and ^r> *jr> ^r be rectangular co-ordinates of points in 
space, the result reached gives an expression for thirty-six times the 
product of the volumes of two tetrahedrons in terms of the distances of 
the angular points of the one from the angular points of the other. By 
proceeding to the case where the two tetrahedrons are coincident, and 
thence to the case where the four remaining points are situated in the 
same plane, we reach Cayley's relation connecting the mutual distances of 
four such points. 

It is thus seen that whereas Cayley's vanishing axisymmetric deter- 
minant was originally got as a multiple of a peculiarly obtained square of 
the determinant 
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Sylvester arrives at it by squaring 



X. 
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in a special fashion, and then performing certain transformations on the 
result. 



Sylvester (1852, Nov.). 

[Sur ime propridt^ nouvelle de Tdquation qui sert k determiner les 
in^galit^s s^ulaires des planfetes. Nov/o. Arvnales de Math,, xi. 
pp. 434-440 : or Collected Math, Papers, i. pp. 364-366.] 

This paper of composite authorship probably originated in a letter from 
Sylvester giving his theorem and demonstration, with a remark or two 
additional. To these, which were made §§7, 7', 8, the editor prefixed an 
introduction (§§ 1-6) on determinants and determinant-multiplication.* 

The theorem is an extension of one which is the basis of his paper 
in the Philosophical Magazine of the same year, and may be shortly 
enunciated as follows: If\ (11) (22) . . . (nn) | be axisymmetric and have 
I [11] [22] . . . [nn] \for its p^^ power, then the roots of the equation 

* In the CoU, Math, Papers §§ 1-6 are omitted, and §§ 7, 7', 8 are numbered §§ 6, 7, 8. 
The theorem of the original § 6 is incorrect. 
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[11] -a: [12] 
[21] [22] -a; 



[nl] [n2] .... [nn]-x 

a/re the p^^ powers of the roots of the eqvxition 

(11) -a (12) .... (In) 
(21) (22) -ic .... (2n) 



[In] 
[2n] 







0. 



(nl) (n2) .... (//n)-ar 

The " demonstration " leaves a good deal to be desired. In effect it amounts 

to saying that if fi , fg » • • • » fp ^ ^^® P*^ roots of unity, and D,n the 
determinant got from | (11), (22), . . . , {nn) \ by subtracting ^„^ from 
each of the diagonal elements, then 



DiDgDj. . .D s 



[11] -a* [12] 
[21] [22] -a:^ 



[In] 
[2n] 



[nl] [n2] .... [nn\-9^ 

Now it is well known that the multiplication of D^ , Dg , . . . , D^ enables 
us to arrive at the equation whose roots are the p^^ powers in question, 
but this and Sylvester's statement are not by any means identical. The 
separate points to be established are (1) that the element in the r^ row 
and s^ column of the determinant which is the product of D^ , Dg , . . . , D^ 
consists of [rs] and a tail of other terms, (2) that this tail vanishes in 
the case of every non-diagonal element, (3) that in the case of the diagonal 
elements it reduces to — x and Sylvester's only justificatory statements 
are that the product of the p determinants is independent of the order in 
which they are taken, and that all the terms containing f in any other 
power than the p"^^ will vanish. 

Another true proposition made on insufficient foimdation is that the p^^ 
power of an axisymmetric determinant is itself axisymmetric. The 
foundation here is the incorrect proposition of § 6. , 



Cayley (1852, Dec). 

[On the rationalisation of certain algebraical equations. Carfihridge 
and Dub. Math, Joum,, viii. pp. 97-101 : or Collected Math. 
Papers, ii. pp. 40-44.] 

The equations first concerned with are of the type 

a*-f6* + c*+ . . . . = 0, 



VOL. XXVII. 
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and the fresh departure consists in viewing such an equation as the out- 
come of the set of equations 

Taking the case where the number of variables in the set is three, Cayley 
operates on the equation x+y+z = with the multipliers l,yz,zx,ayyf 
thus obtaining with the help of the other equations a set from which the 
variables x,y , Zy xyz may be eliminated with the result * 



1 
1 
1 



1 

c 
h 



1 1 
c b 
a 
a 



= 



Also, and, so to say, conversely, he operates with the multipliers x^y ,z, xyz , 
and eliminates \ , yz , zx , xy , with the result 



. a h c 
a . 1 1 
6 1.1 
ell. 



= 0. 



Similarly, when there are four variables, the multipliers are 

1 , yZy zx, Qcy, xw, yWy zfo, xyzio , 
and the eliminands 

35, y, 2, w, yztt', ZM'ic, vm/ y xyz, 

or vice versa \ but in this case the two resultants are not essentially 
distinct, the one being derivable from the other by mere transference of 
lines. Cayley then adds, "And in general for any even number of 
quadratic radicals the two forms are not essentially distinct,f but may 
be derived from each other by interchanging lines and columns, while for 
an odd number of quadratic radicals the two forms cannot be so derived 
from each other, but are essentially distinct." 
The equations next dealt with are of the type 

a* + 6* + c*+ . . . . = 0, 

Sylvester heaving suggested the extension of the process. Taking the case 
of three variables, that is to say, when the set of equations is 

aj + y + a = 0, x^^a, y*—*, 2* = c, 

* Already thus formed by Cayley in his first paper of aU (1841). 

t Observe that, although Cayley considers the two determinants of the preyious case to 
be essentially distinct, the second is derivable from the first by multiplying the columns by 
abc, a^hyC respectively, and then dividing the rows by 1 , 6c , ca , o6 respectively. 
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he first uses the multipliers 

1, xyz, a^yh^f ar%f, y*aj, «*j/, x^y^ yh, z^x, 
the eliminands then being 

«. y, «i y^*. «*y«. y^9 ^^i/j «*«*i «V*; 

next he uses the said eliminands as multipliers, the new eliminands being 

^» y^i «^i y«» ^j ^1 «y^^, y«*aj^i «a*y*; 

and finally using the new eliminands as multipliers, he eliminates 

1, aryz, a^yh^, «*», y*ic, zh/, oe^y, yhy z^x, 

that is to say, the first set of multipliers. Only in the ease of the second 
elimination is the determinant axisymmetric, namely. 
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1 . 1 



1 
1 



1 . 

. 1 

1 1 

. 1 

1 . 



• • X X X » • •• 

which must thus be equal to (a+6+c)'— 27a6c. In the two other cases 
the determinants are not essentially distinct,* the rows of the one being 
columns of the other ; and this is said to be true of two of the three forms 
whatever be the number of variables. 



Sylvester (1853, March). 

[On the relation between the volume of a tetrahedron and the product 
of the sixteen algebraical values of its superficies. Cambridge 
and Dvh. Math, Jov/m,, viii. pp. 171-178: or Nouv. Annalea de 
Math,y xiii. pp. 203-209: or Collected Math, Papers, i, pp. 
404-410.] 

Denoting the vertices of a tetrahedron by a , 6 , c , d , its volume in terms 
of the edges by V , and the areas of its faces by J ^F , i JG > i VH , i VK , 
we know that 

* Cayley fails to notice, however, that each of those is readily transformable into the 

second. Thus, taking his first form, we have only to multiply the 4th , 8th , 9th columns of 

it by a , and divide the 2nd , 4th , 7th rows by a , when we obtain a determinant which by mere 

*^ r*i. /12 346 6 7 89\ . , *i **v i /1 23 4567 8 9\ 

permutation of the rows (741906852) ^^^ subsequently of the columns 1x65498732/ 

becomes identical with the axisymmetric form. 
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U4V2 - {be)*(day{(ca)^ + (db)* + {ab)^ + (c(f)« - {be)^ - (day) 
+ (ca)2(rf6)«{ (a6)« + (ed)^ + (6c)« + (rfa)« - (ca)* - ((i6)« } 
+ (a6)«(c(i)«{ (6c)2 + (cia)2 + {ea^ + (ci6)« - (06)2 - {cdy} 
- (ftc)«(ca)2(a6)« - {bc)%db)^{edy - (ca)«(crf)2(rfa)« - (a6)2(6/a)2(rf6)2 
- Wsay, 



and 



F = - (6c)* - (erf)* - {dby + 2{cd)\dbY + 2(rf6)2( Jc)« + 2(6c)2(crf)« 
G - - (acY - (erf)* - (rfa)* + 2(crf)2(rfa)2 + 2(rfa)2(ac)« + 2(ac)«(crf)« 
H* - (a5)* - (6rf)* - (rfa)* + 2{ab)\hdf + 2(W)2(rfa)« + 2(rfa)2(a6)2 
K - - (aft)* - (fee)* - (ca)* + 2{bc)\caf + 2(ca)2(aft)2 + 2{ahf{bcf . 

With this notation Sylvester points out that the condition for the vanishing 
of the surface of the tetrahedron is 

n/F + n/G + n/H+ >/K = 0, 
and that this when freed of root-signs is 

2^*- 42^20 + 621^202 + 42F8GH-.40FGHK = 0, 
or say 

N = 0, 

where N consequently is of the eighth degree in the squared edges. His 
reasoning then is that as the vanishing of the surface and the vanishing 
of the volume are necessarily coincident, it follows that W, having no rational 
factors, must itself be a factor of N ; and that, W being of the third degree 
in the squared edges, the quotient N/W must be of the fifth degree. Rely- 
ing on this he proceeds to determine the quotient by considering the cases 
where (l)a6 = = cd, (2) afe = 0=ac, (3) a6=ao = ad=bc = 6(i=cd=l , his 
result being 

"^ (rfa)* + (rfft)* + (rfc)* 

- { {daf + (rf6)2 + (rfc)2} {{ahf + {bef + {eaf) 
+ {abf{bcY + {bcficaf + {aafiabf ' 

+ 22(a6)«(ftc)2(crf)2(rfa)2(ac)2 , 

where there are four expressions under the first Z and six under the second ; 

or 

(rfa)* + (rf6)* + (rfc)* 

- {{daf + {dby + {dcy}{{aby + {bey + {cay} 
+ {day {dby + {dby{dcy + {dey{day 

_ + {aby {bey + {bey {eay + {cay {dby 

where there are four expressions under the S , one corresponding to each 

face. 

Although there is no explicit mention here of determinants, it being 



^{aby{bey{eaf 



^{aby{bcy{cay 
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unnecessary, it has now to be noted that Sylvester had the determinant- 
form of W before him throughout: he even says that he had tried to 
express the quotient as a determinant, but had been unsuccessful. Without 
further restriction, then, as to form, his proposition is If F ,G fULyKbe the 
compl€7nenta/ry TYiinora of the elements in the places 11 , 22 , 33 , 44 o/ the 
deterTainant 



(a6)2 


{acY 


(ad)« 1 


(a6)2 


(bey 


(bd)^ 1 


{ac)^ (fief 


• 


(«f)« 1 


{adf {bdf 


(«f)« 


1 


1 1 


1 


1 



or 2W say, 



then the result of rationalising 

is divisible by W. This is not all, however ; for Sylvester having noted 
the analogous case connected with the relation between the perimeter and 
area of a triangle, namely, the fact that 



le, 2(«^)* - 22(a6)2(5<;)J 



is a divisor of the result of rationalising 

n/2(6^2 +J2^ +n/2PP 

where the radicands are the complementary minors of the elements in the 
places 11 , 22 , 33 of the determinant, boldly extends the proposition (with- 
out proof) to any triangular number of arbitrary quantities, taking 
occasion also to point out that when we leave geometry (ab) , (ac) , . • . . 
may be written for {aby , (acY , . . . . 



(abf 


(acf 1 


(ahf 


(bcf 1 


(acf {bcf 


1 


•l 1 


1 



Hesse (1853, April). 

[Ueber Determinanten und ihre Anwendimg in der Geometric, 
insbesondere auf Curven vierter Ordnung. CreUe's Jov/mal, 
xUx pp. 243-264.] 

The main subject of the first half of Hesse's paper (pp. 243-253) is a 
property of axisymmetric determinants required for the establishment of 
the geometrical results contained in the second half. In the first three 
pages he considers the relations between the minors of two general 
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determinants A , B , and the minors of their product C ; or, as he un- 
fortunately feels himself compelled to put it, '' wie die partiellen Differential- 
quotienten der Determinante C nach ihren Elementen c genommen durch 
die partiellen Differential-quotienten der Factoren A und B nach ihren 
Eliementen genommen sich ausdrUcken lassen." What follows thereafter 
may be described as the establishment of the simple identity 



u 



11 



**ij *i 






«*n «*i2 7i 
7i 72 



«*11 «*12 



u, 



21 



U 



22 



a-, 



a. 



7i 72 



2 












^ 


"n 


«i» 




«1 


"s 




«2I 


«M 




7i 


y» 



where t^u = t^g » by multiplying together 



*! 


-«2 




«ii 


«12 


7i 


-72 


f 


«,i 


«M 



-a, oi 
-72 7i 



in row-by-row fashion ; and then the generalisation of this identity in two 
different directions. 

The first generalisation consists in the proposition that the two-line 
axisymmetric determinant 



t*ll 


ttu . . 
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where u^=Uxjc, contains 



1% Wyj . 



«*ln 



U 



2n 



«*nl ««2 



tt 



nn 



as a factor, and that the cof actor is an integral homogeneous function of 
the as and likewise of the y's. The case where n is equal to 3 is treated 
as follows. The determinant 



u 



11 ^2 



u 
u. 



21 



81 

7i 



u 



22 



u 



82 



U 



18 



U, 



28 



U, 



88 



<*8 



72 78 /5 



having u^=Uxk , is introduced and denoted by B , with the result that the 
two-line determinant in question is representable by 
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8B ^ 8B . 8B 

^1 ^2 ^8 

8B . 8B ^ 8B 
^1 ^2 ^78 

8B 



aB 



aB 



dB 



^<*i + ^^ + ^« 



ao. 



aa 



8 



aB ^aB ^aB 
dor^ 802 aoj 



and its predicated factor by ^ . It is then pointed out that the former is 
the differential-quotient of the product of the two determinants 



aB aB aB 

^1 ^2 ^78 

aB aB aB 

aa^ 802 da^ 

77lj 97t2 ^3 



a^ Oj Og 



7i 72 78 



«1 ^2 ^8 



called M and N, taken with respect to 7n{n^+ 711,2712+ Tti^n^; and that 
consequently it is equal to 



Since, however, we have 



aM aN . aM aN ^ aM aN 

+ ■= = — + Xi — 



af7i2 a7i2 



dm^ dn^ 



(rs) 



dB 



-u. 



_._ 9B 



aB 



aB 



^1'" " ¥2**" ■*■ w^'' ■*■ p*^ " ^' 



and other similar identities, it follows that 



M. 



aB 

a^ 



i.e. 



«*11 «12 ^8 



W2I **22 **28 



«81 «82 «*88 
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"ajs"^ 

aB 

8B 



— -— s.a 



a/J 



'8 



aB aB aB 

^1 ^2 ^8 

aj aB aB 

aa^ aa2 aa^ 

m^ mj mg 

aB 

- 3^72 «21»»1 + «*22^*2 + ^28^8 

^B _^ _, 

- 3J378 «*S1^1 + «82»«2 + ^89^t 



and therefore 



M = 



aB 

dp 



a, 7i ttnWh + WijWg + i^igWj 
oj 72 ^21^1 ■*" "22^2 + ^28% 

H 78 **3l*'*l + ^82^2 + «88^8 



an J, 
= _- . P say. 



The expression (cr) then becomes 



dp \ drriy^ dn^ dm^ dn^ dm^ dn^ J , 
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and all that remains is the evaluation of the bracketed factor after the 
equivalents of P and N have been substituted therein. The final result is 

+ ("28 + «*82)( Vl ~ ^iTs) ^lYi " *2ri) 
+ (l*3i + Wi8)(aiy2 - «2yi)(«*2y8 - "872) 

+ (1*12 + «'2i)('*2r8 - «8r2)(«8ri - ^iYb) 

The case where 7i = 4 is similarly dealt with; but as it is necessarily more 
complicated, it is not carried quite so far, the cofactor of I v^^ u^ u^ u^ \ 
being merely stated to be of the desired form and easily calculable. " Sie 
hat aber zu viele Glieder, um sie berechnet hinzuschreiben." The general 
proposition, as above given, is then formally enunciated. 

The other generalisation made of the case where ti = 2 is to the effect 
that the prod/act of an axisyminetric determinant by the aqua/re of any 
other determin^a/nt is eocpressible as an a^isymmetric determinant In 
connection with this the interesting point is the notation used for the 
elements of the product-determinants. Since the differential-quotient of 

or Y{x^y ^o, . . . , x^) say, 
with respect to Xp is 

the result of annexing g as a second suffix to the x's in this may be suit- 
ably denoted by 

I 

so that in accordance with this the product of 
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^nn 



will be 






'' Multiplicirt man diese Determinante nochmals mit der vorhergehenden 
und setzt : 

F^ = xipr{x,,)+x^r{x^)+ . . . +x^\xj, 
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SO erhalt man 
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Da aber Fp, = F^ ist, so ist die letzte Determinante wieder symrrietriach" 



Brioschi (1853, July). 

[Sur une propridtd d'un produit de facteurs lin^ires. Ca/mhridge and 
Dub. Math. Joum., ix. pp. 137-144: or Opere Maf] 

This paper of Brioschi's is avowedly an outcome of Cayley's " On the 
rationalisation of certain algebraical equations/' published two months 
earlier. Starting with the equation aj + y + 2; = , and using on it the multi- 
pliers l,yz ,zx,xy in succession, he obtains 

X + y + z ^ 0\ 

xyz + + z\y + y^.z «= 

xyz + z^,x + x^.z 
xyz + y*.a; + x^,y 

whence on elimination of xyz ,x,y,z there results 

.111 



i 



= 



1 . z^ y^ 



1 
1 



,2 



x^ 



2/2 aj2 



= A say; 



and as this equation has its origin in the equation x+y+z=^0,he con- 
cludes that the determinant A must have x+y+z for a factor. Then, 
since any one of the three other equations 

gives rise to the same result, it is easily seen how he reaches the identity 



(x + y + z^x + y-z^x-y + zX- x + y + z). 



An alternative form of A is introduced by the words "Observons qu'on 
a ^videmment * 

* It would seem preferable to miQtiply the colnmns of A in order by xyz ,x,y,Zf the 
quantities just eliminated ; and then divide the rows by the multipliers l,yz,zZfXy used 
in obtaining the set of equations. The advantage of this method would be still greater in 
the next case. 
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1 


X y z 
X . zh^y y^xz 


~~ 


. X y z 


^yH^ 


X , z y 




y z^xy . xh/z 




y z , X 




z y^xz x^z 




z y X . 



n 



Similarly from the equation x+y+z+w—0 or any one of its seven 
relatives by using the multipliers 

ljZWjyto,xw,zy,zXfyXj xyzw 
and eliminating 

xyz, xyto, xzw , yzw, x, y, z, w 

there is obtained the result 



.... 1 1 11 

11. . «;* z* 

.1.1. «;2 . yi 

1 1 . M?* . .a* 

1 . . 1 . Z2 ^2 . 
1 . 1 . 2« . «« . 

I I . . y^ x^ , 
tt;2 z2 y2 ar2 . . 

=»(«+2/ + « + w) '(^x + y + 4 + w){x-y + z + w)(x + y-z + w){x-¥y + Z'-to) 

• {-x-y + z + w){-x + y-z + vj)(-x + y + z-w)y 

an alternative form being stated to be the axisymmetric determinant 
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The general theorem is then formulated as follows; "Si en g^n^ral on 
consid^re n ^^ments a^ , o^g , . . . , ^n , en posant 



et en d^ignant par 



|X,(1,2,. . .,m)\ 



le produit des facteurs lin^airea qu'on deduit de X^ en changeant les signes 
k m des ^^ments a^ , Xj , . ■ . , o^i ; en aura pour n impair 



X„. I X,(l) I . I X,(l , 2) 



X„(l,2,3, . . . ,i(n-l)l A, 
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et pour n pair 

X,. 1X^(1)1 • |X«(1 ,2)1 |X„(1, 2. . . ., i(n-2)| • |X„(T, 2, 3, . . .,in)|.= A 

oil le symbols 

X«(T, 2,3,..., Jn) 

denote que dans ce produit I'^^ment a^ entre toujours parmi las dl^ments 
auxquels on a chang^ de signe. Le determinant A r^ultera de la multi- 
plication successive de T^uation Xn = par Tunitd, et par chacune des com- 
binaisons deux k deux, quatre k quatre, . . . , (ti— 1) & (ti — 1) si ti est 
impair : nk n si n est pair, des ^dments ajj , Xg , . . . , a5„ ." 

In addition, it is shown imder this head that the number of equations 
in the set which originates the determinant is 2**'^ and, a little im- 
necessarily, that the number of linear factors in the product is the same. 
It is also noted that if o^i , a;, , • . « , o^n be quadratic radicals, the product of 
the linear factors is rational 

Following Cayley's paper still further, Brioschi similarly makes clear 
that one of the nine-line determinants there obtained, namely 

Ill 
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1 1 1 



may be viewed as originating in any one of the nine equations 

x + y +z =0, x + y +az = 0, x-¥y +j3z = 0, 
« + ay+j82 = 0, x + ay + z =0, x + fiy + z =0, 
x + Py + az=Of ax + y -\-z -=0, Px-\-y +« =0, 

where a , /8 are the imaginary cube roots of unity, and could thus be shown 
to be equal to the product of the nine left-hand members of those equations. 



Spottiswoode (1851, 1853). 

[Elementary theorems relating to determinants. Second edition, 
rewritten and much enlarged by the authoi; CreUe's Jov/mal, 
U. pp. 209-271, 328-381.] 

The information given by Spottiswoode regarding axisymmetric 
determinants appears under a variety of headings. What little the first 
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edition contained (pp. 33-37) as a part of § vi. on " Inverse Systems " is 
placed in the second edition imder " Compound Determinants " (pp. 368-372). 
Sylvester's mode of reaching Cayley's determinants connected with the 
mutual distances of points is given imder " Multiplication " (pp. 250-253) ; 
and the chapter or "section" (§ iv.) on "Homogeneous Functions," which 
of course has to deal with quadrics, goes so far as to assign the name 
determinant of a quad/ratic form to any determinant possessed of axi- 
symmetry (see pp. 328, 336). 

The most interesting matter, however, is found in the last section of 
all, § 11, the contents of which are miscellaneous. There, on pages 
376-380, the determinants 
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are considered, but, to one's regret, only with reference to the case 
where la^b^c^l is an orthogonant. The first of the two determinants is 
given in the form 

and similar non-determinant forms are given for the whole of the thirty- 
six primary minors and for the first fifteen of the secondary minors of the 
second determinant. Thus, the primary minors which are the cofactors of 
the elements in the places (1 , 1), (1 , 3), (1 , 5) are 

(«iCi + a^e^ + a8C8)(l - b^^ - b^^ - 632) + (b^c^ + V2 + VsX^i^i + «2^2 + ^h) » 

OiVsl-I^Csl - «l(l-V-V-V-^'-2'-'^8') - ^(«l^ + «2*2 + «8*8) 

all the others being similar in form to one or other of these three ; and in 
like manner the secondary minors are exemplified by 

1 _/. 2_^ 2_- 2 

- (fejCi + 62C2 + Vs) » 

- b^il - Cy^ - c^^ " c^^) + Ci(6iCi + 62^2 + Vs) » 
«i(^<a + V2 + V8) - ^i(<5iai + ^202 + CgOg) , 

- «l I 01*2^8 I + I «2^8 I • 
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Brioschi (1854, March). 

[La teobica dei determinanti, e le sue principali applicazioni ; 

del Dr Francesco Brioschi ; viii + 116 pp. ; Pavia. Translation into 

French, by Combescure; ix+216 pp.; Paris, 1856. Translation 

into German, by Schellbach ; vii+ 102 pp. ; Berlin, 1856.] 

fAori.z 

Unlike Spottiswoode, Brioschi in methodical manner defines " un deter- 

minante simmetrico," and gives four known properties expressed in clear 

language, all within the space of one page (p. 70). 



Brioschi (1854, Dec). 

[Sur quelques questions de la g^mdtrie de position. 
1. pp. 233-238 : or Opere Mai.'] 



CrdLes Jowmaly 



The title here recalls that of Cayley's maiden effort ; and, as a matter of 
fact, the paper of 1854 had its origin in the paper of 1841. Cayley, it will 
be remembered, obtained the relation connecting the mutual distances of 
five points in space by multiplying the two determinants 
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the first of which is — 16 times the second, and then putting the w*q equal 
to zero. Brioschi now follows on the same lines, but with an interesting 
difference. Having shown that the determinant 

a^^ + yi^ + V {x^-x,Y + (y,-i/,f + {z,-z^)^ 1 '2z^ -2y^ -2z, 
V + y5' + «6' (aJ«-a;5)2 + (2/^-2/5)' + (26-^5)' 1 -^^5 -22/5 -225 

1 1 .... 

vanishes identically, the simple fact being that the second column is a sum 
of multiples of the other columns, he multiplies it by J of itself, namely by 

1 %{x^-x^y 2aJi« x^ y^ z^ 
1 ^{x^-x^^ ^^ JTj yj 22 



I S(*e-a;5)« la^ X, y, z, 
1 1 . . . 
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and, putting dg^, . . . for 2(aJg— cCj)^, . . . , obtains the relation 
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^61^65 + ^15 ^62^65 + ^26 • • • V 
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which degenerates into Cay ley's result when we put a^e > 2/6 ' ^e = ^i > Vi » ^ * 
and make certain easy transformations. 

In a similar manner the relation between the distances of five points on 
an ellipsoid is found, and the relation "entre les plus courtes distances 
respectives et les inclinaisons mutuelle de sept lignes quelconques." 



Sylvester (1855, April). 

[On the change of systems of independent variables. Quarterly 
Jov/m. of Math., i. pp. 42-56 : or Collected Math. Papers, ii. pp. 
65-85.] 

Having reached in the course of his investigation (p. 55) a determinant 
of the form 



tti + Og + as 
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8 



-Og -Og Cj + Cg + C, 

the final expansion of which, he says, contains only positive terms with the 
coefficient imity, Sylvester naturally notes that the number of such terms 
must be 

3 -1 -1 

-1 3 -1 

-1 -1 3 

He is thus led to the consideration of the Ti-line axisymmetric determinant 



a 


-1 


-1 . . 


. -1 


-1 


a 


-1 . . 


. -1 


-1 


-1 


a . . 


. -1 


-1 


-1 


-1 . . 


a 



to which he assigns the value 



(a-n+l)(a+l)-^ 
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Ferrers (1855, Dec.). 

[Two elementary theorems in determinants. ■ Qwa/rterly Jov^m. of 
Math,, i. p. 364 : or Nouv. Annalea de Math., xvi. pp. 402-403, 
xvii. pp. 190-191.] 

The first theorem referred to is 



1 


1 


1 


1 


1 


l+Oi 


1 


1 


1 


1 


l+Oj . , 


1 


1 


1 


1 


► . l+On 



Oja^ . . . o» , 



the proof being dependent on the fact that, if any one of the a's be put 
equal to 0, the determinant vanishes. The second is 



l+Oi 

1 
1 



1 

l+aj 

1 



1 



l+Oj 



1 

1 
1 



1 1 1 . . . l+a„ 

= a.an ...a,j(l+ — + — + . . . h — ), 

which is made to rest mainly on the fact that if any one of the a's be put 
equal to the determinant takes the form of the preceding determinant. 
Note is taken that Sylvester's theorem on p. 55 of the same volume is a 
special case of this second result. 



Faa di Bruno (1855, Dec). 

[Addizione alia nota inserita nel fascicolo di ottobre ultimo. Anrudi 
di 8ci. Tnat, e fis,, vi. pp. 476-479: or § vi. of his Th]6orie 
G^N^ALE DE l'^limination, X + 224 pp., Paris, 1859.] 

The note referred to in the title professed to be "SuUe funzioni 
simmetriche delle radici di xm* equazione," and contained, besides other 
things, the final expansions of the resultants of two quadrics, two cubics, 
and two quartics. The '* addizione," on the other hand, draws attention to 
the axisymmetric determinants which represent those resultants, the 
author being apparently unaware that Cauchy had already done this in 
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1840. His rule of formation, which is different from Cauchy's, may be 
paraphrased in the case of the quartics 

a^ + OjO* + aj** + a^ + a^^ 






by saying that the resultant is got by superposing on the central two-line 
minor of the symmetric (peraymmetric, rather) determinant 



«oM \<^o^i\ 



«0^ 



the determinant 






^A I I ^ih 



«2*8 



«1^ 



«0^ 
«8^ 



''1^8 



the latter being obtained from the array 



a. 



*2 



*8 



*i h h 



in the same manner as the former is obtained from the array 

*0 ^ ^ «8 «4 
^0 ^1 *2 ^8 ^4- 

In his " Th^rie Gen^rale de TElimination " the matter is gone into in greater 
detail, the rule of formation occupying a full page (pp. 55-56). 



Cayley (1856, March). 

[Note upon a result of elimination. Philoa. Magazine, (4) xi. pp. 
378-379 : or Collected Math. Papers, iii. pp. 214^215.] 



If the quadric 



aa;2 + 6y2 + <»2 + 2fyz + 2gzx + 2?ixy 



have a linear factor, $x+rfy + ^z say, it must vanish identically when we 
make the substitution 

where a, 13, y are any quantities whatever ; and consequently the co- 
factors of o* , fl* , . . .in the result must vanish, — that is to say, we must 
have 
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le iloniff. 

Ol TZTL, 7. 



i. /oi:r. 
J. nriL, !.-." 



I J.'.T'T 



«;« + 6f - 2/i,(; = ^ 

c^ +a{» -2j/Cf = 

2/f -2ai^+2;t«+2j7^ = 

-2gr^ +2%^;- 26^^ + 2/^ = 

-2Af+25n,J + y{^-2cfv - 0; 



and therefore 



c 
b 

2/ 



6 
a 



-2/ 



a 



-2^ 



-2^ 



2a 
2/t 

2^7 



-2^ 

• 

2A 

-26 

2/^ 



-2^ 
2^ 

2/ 
-2c 



0, 



or, say, 8 A = . 



But on account of the breaking up of the quadric into linear factors the 
discriminant must likewise vanish. It is thus suggested that the dis- 
criminant is a factor of A ; and by actual trial it is found that 



A = -2 



a h g 
h h f 
9 f c, 



2 



It has only in addition to be noted that A originally made its appearance 
in Sylvester's second paper on dialytic elimination. 



Faa di Bruno (1857, April). 

[Sopra il volume della piramide triangolare. Annali di 8ci. mat ejls., 
viii. pp. 77-78.] 

With an eye on Sylvester's paper of October 1852, Fak di Bruno first 
expresses the volume (V) of a tetrahedron in the form 



* 



«l-«2 2^1-^2 






and then by squaring obtains the result 



288 V* = 



VOL. XXVII. 



ng obtains the result 

2V ^i2' + V-V V + V 

^2' + V-V 2V d,,^ + d,,^ 

V + V-^24' V + V-<^84' 2rfj,2 






11 
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as a consequence of the relation 

Another form of the relation between the mutual distances of four points 
in a plane is thus brought to light. 



RuBiNi (1857). 

[Applicazioni della teorica dei determinant. AnTudi di 8ci. mat efis., 
viii. pp. 179-200.] 

Rubini starts with the theorem which expresses a determinant with 
binomial elements as a sum of determinants with monomial elements, and 
then considers a long series of special cases. Among these Ferrers' 
theorems of the year 1855 occupy the first place (§§ 2, 3, pp. 181-184). 



Bellavitis (1857, June). 

[Sposizione elementare della teorica dei determinanti. MeTn, . . . 
istituto veneto .... vii. pp. 67-144.] 

Besides the paragraphs (§§ 42, 43, 44) specifically devoted in the second 
half of the exposition to axisymmetric determinants, there are two others 
(§§ 9> 35) connected with the same subject in the first half. One of the 
latter (§ 35) draws attention to the fact that any coaxial minor of the 
axisymmetric determinant which is the square of a determinant is 
expressible as a sum of squares. What is new in the former is the definite 
reference to determinants which are doubly axisymmetric (" doppiamente 
simmetrici "), the examples given being * 
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b 


d 


c 


b 


a 



the last of which is noted as being equal to 

-(a + 6 + c-£?)(a + 6-c + (i)(a-6 + c + c?)(-a + ft + c + ^. 

* The third, by reason of its central two-line minor which might have been 
more specialised than a doubly axisymmetric determinant. 



a 8 
8 a 



IS 
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Baltzer (1857). 

[Theorie und Anwendung der Determinanten, mit Beziehung auf 
die Originalquellen, dargestellt von Dr Richard Baltzer: vi+129 
pp., Leipzig, 1857. French translation by J. Houel, xii+235 pp., 
Paris, 1861.] 

In five different sections (§3, 8, 9 ; § 5, 2 ; § 6, 2, 5 ; § 7, 5 ; § 18, 12) 
Baltzer gives attention to determinants whose elements a^, a^ are 
identical. In § 3 he notes that conjugate minors, as they came to be 
called at a later date, are equal, and proves Jacobi's theorem regarding 
the differential-quotient of a determinant with respect to a non-diagonal 
element by using the fact that if u be a function of x and ^, and ^ be a 
fimction of x, then 



du _ du dudy 
dx dx dy dx* 



the whole matter being 



z -A^j + Ajw- Aft + A« =s 2 Aflj , 

where it will be observed 9*8 only are employed. In § 7, 5 is given the 
result which we have already seen in Lebesgue's paper of 1887, namely, 
that for a vanishing axisymmetric determinant 



A« =» ^A« Ajj ; 
and there is thence deduced 

A<i I A<j : A^ ; . . . . s= ^A^j ; v A22 • v Ajj 



Lastly, in § 18, 12 he applies this to Cayley's vanishing determinants of the 
year 1841 ; for example, to the determinant 
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1 
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^U 
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^12 


. 


^28 


d^ 
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^IB 


'^28 
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^84 
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^4 


^24 


^84 


■ 



This being equal to zero, if we write [r , «] for the cofactor of the element 
in the place (r , s) , we have of course 

[12] + [13] + [14] + ri6] - 0, 
and consequently also 
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422] + 4"33l + 414] + >/[56] - 0, 
— ^a result hitherto only obtained independently from geometry.* 



Cayley (1859, June). 

[Note on the value of certain determinants, the terms of which are the 
squared distances of points in a plane or in space. Qv/irt. Jov/m, 
of Maih,y iii. pp. 275-277 : or Collected Math, Papers, iv. pp. 460- 
462.] 

The determinants referred to are those occurring in his first paper of 
the year 1841 ; but the expansions of them which are given do not assume 

that 12 = 21, etc Sylvester's related paper of March 1853 is also referred 
to, the 2W of which is put in the formed 
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with the result that Q takes the form 



a^bh^f + ^ + ^4 + ^2^2 + jf2f2 ^pg% + 52^2 + c2a2 + a262 - (/« + ^2 + ;^2)(a2 + 5s + c«) } 
+ 'i^g^h^{f + ft* + c* + 6«c2 + c2/2 +/262 + ^2^2 + hia^ + a2^2 _ (ya + 52 + c2)(a2 + ^2 + ^2)} 
+ ftW/2{gr* + c^^a^ + (Aa^^ a^ + ^2^2 + j^ifi +^252 + jjfiji2 _ (^2 + ^2 + a2)(6« + h^ +/«)} 
+ cJ«/V{^* + a* + 6* + a«6« + 6W + h^a^ +Pg^ + g^c^ + c^/^ - {h^ + a^ + b^){c^ +/2 + ^2) } . 

* Baltzer gives (p. 20} Cayley^B determinant form for 

- ( ^/a + >/5+ slc)(-Ja+ >/5"+ ^/c) ( ^/o"- V^+ Jc) ( Ja-k- ^/T- Jc) , 
placing in front of it what looks like a generalisation, namely 






61 c, 
<i ^ ^ 

but is not reaUy such. We can easily show that if 04 , &i , c^ be multiplied and a, , 6] , e, 
be divided by x, y , « respectively, the determinant is unaltered ; consequently it 



dlOk^ &J&3 c^ 

O^Os 1 1 

6i6j 1 1 
c^c^ 1 1 



1 1 1 

1 c^c^ &^&2 

1 C^C] ^^s 

1 h-P^ O^O] 



tjufy v^i^s v^s 
V5^ ^6,62 VaiOj 
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Salmon (1859, July). 

[On the relation which connects the mutual distances of five points in 
space. Qiuirt. Jov/m. of Math,, iii. pp. 282-288.] 

Salmon starts from the elimination of a,byC from the set of trigono- 
metrical equations 

a B 6 cos C + c cos B 
b = c cos A 
c » acosB 

and proceeding to similar eliminants of higher order reaches Cayley's 
results of 1841 and others related to them. The interest of the paper is 
mainly geometrical. Use is made of the proposition that if the quo/d/ric 

aa^-k-hy^ + cz^ + dw^ 

+ 2lyz-^2mzX'{-2nxy-k'2pxw-^2qyw + 2rzw 

be increased by (ax+fiy+yz+SwY, the di8(yriminam,t 




is increased by * 
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P Q 
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I q 

c r 

r d 



a ^ y 8 

a a n m p 

p n b I q 

y m I c r 

& p q r d 



* The new discriminant being 



is easilj seen to.be equal to 



a + a^ n + afi m + ay p-htfi 

n + ai8 6 + /9* l + fiy g + /9« 

m + ay l-^fiy c + y^ r+78 

p + o« q+fii r + 78 d + a' 



-1 a 3 7 8 

a d n 7n p 

fi n b I q 

y m I e r 

i p q r d 



and therefore to be separable into the two expressions referred to. 
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XVII.— The Oomposition of the Red Olay. By P. W. Clarke, D.Sc, 
LL.D., Chief Chemiat, U,S. Geological Survey. Comrnv/aicated by 
Sir John Murray, K.C.B., F.RS., etc. 

(MS. received April 3, 1907. Read May 20, 1907.) 

In the volume upon Deep-Sea Deposits, issued as one of the reports of 
the GhaUemger Expedition, there are published twenty-five analyses of the 
" red clay." * This sediment is now recognised as the most extensive and 
important of all the oceanic deposits, for it covers 51,500,000 square miles 
of the sea-floor, and is characteristic of the greatest depths. It is therefore 
obviously desirable to know its average composition as exactly as possible, 
and for that reason the following investigation was undertaken. 

Of the analyses above mentioned, twenty-one were by Brazier, two by 
Homung, one by Element, and one by Renard. They are, however, not 
strictly comparable, as a glance at the recorded data will show ; nor are they, 
from the point of view of the modem analyst, so complete as they should 
be. For example, that ubiquitous element, titanium, was not determined 
in any of the analyses, for at the time they were made its importance and 
relative abimdance were not appreciated. Other substances which are 
common in clays were neglected for similar reasons ; but their significance is 
now better imderstood, and improvements in analytical methods have made 
it easier to search for them. In Brazier's analyses the alkalies were not 
estimated, but were reported by the other analysts — an omission in the 
first group that was not due to oversight, but to the limitations of the 
purposes for which the work was done. The general nature of the red clay 
waB well established, its great variability in composition was clearly shown, 
and its relations to other clays were made sufficiently plain to satisfy all 
ordinary requirements. 

Of late years, however, it has become a matter of interest to determine 
the relative abundance and distribution of the chemical elements ; and in 
an inquiry of that sort so notable a substance as the red clay could not 
well be neglected. A new and more elaborate analysis of it, therefore, 
seemed to be required, and to that end two methods of investigation were 
available. First, it was possible to make a number of individual analyses 

* Deep-Sea DeponU, pp. 198, 201, and 425-435. 
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of separate samples, from which an average might be computed. Secondly, 
one composite sample could be analysed, giving the desired information 
once for all. The first method, evidently, would have involved much labour 
— too much, indeed, to be justifiable. The second method would solve the 
problem equally well, but with greater ease and vastly less expenditure of 
time. The second, therefore, was chosen. Through the kindness of Sir 
John Murray, and his assistants, Dr Q. W. Lee and Mr James Chumley, 
fifty-one samples of the red clay, from as many localities, and approxi- 
mately equal in weight, were combined into a single sample, and that was 
analysed by my associates in the laboratory of the United States Geological 
Survey.* The results of the composite analysis will be given presently. 

The composite sample, as made up by Sir John Murray, contained thirty- 
five samples from the dredgings of the Challenger Expedition, twelve 
collected by the Egeria, two by the Watervntchj and two by the 
Penguin, Of these, eight samples were collected in the Atlantic, two in 
the Indian Ocean, and forty-one in the Pacific. The Challenger localities 
were stations Nos. 5, 9, 26, 27, 29, 160, 165, 181, 215, 221, 226, 228, 229, 230, 
238, 240, 241, 244, 247, 251, 253, 254, 255, 256, 258, 259, 275, 277, 285, 286, 
288, 294, 329, 330, and 353. These stations can be identified by reference 
to the published reports of the expedition.f The geographic range of the 
collection is evidently large enough to give a significant average, and the 
number of individual samples was also adequate. Twelve of the localities 
enumerated above are represented among the analyses already published in 
the volume on Deep-Sea Deposits, and are there indicated by their station 
numbers. The other localities furnished material hitherto unstudied 
chemically. 

The new analysis of the clay was made upon the air-dried and imwashed 
sample. It therefore included adherent sea-salts and hygroscopic moisture, 
varying in these respects from the earlier analyses. The magnitude of these 
variations, however, was determined, and appears in the figures given below. 
The final data are as follows : 

A. General analysis, by Mr George Steiger. 

B. Portion soluble in cold water, Steiger. 

C. Special determinations, by Dr W. F. Hillebrand. 

D. Special determinations, on material concentrated from 150 

grammes of clay, by Dr E. C. Sullivan. 

♦ Tbe analytical methods employed were those prescribed by Hillebrand in U.S.G.S, 
BtUktin 306. 

t A chart showing the position at which each sample was taken was also furnished with 
the material sent for analysis. 
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These last determinations were checked by blank experiments upon 
equal quantities of the reagents employed in the research. 









A. 


B. 


C. 




D. 


SiOj . 






45-32 


none 


BaO . 


•16 


CuO . -02 


AljOs 






13-26 


none 


CrjO, . 


•Oil 


PbO . -007 


FejO, . 






7-20 


none 


VA . 


•036 


ZnO . -004 


FeO 






•70 


none 


MoOs • 


trace 


AfljOg . -0007 


MgO 






3-05 


•21 








CaO 






6-82 


•19 








NajO 
K,0 






3-63 J 
2-43 ( 


2^01 








H,0 at 1( 


yer 




3-28 










H,0 abo^ 


el( 


w** 


5-93 






4 




TiOj . 






•82 










COj 






3-91 










PA . 






-26 










SO3 . 






•48 


-39 








CI. 






2-77 


2-73 








F . 






none 


• • • 








CtjOj . 






•01 


• • • 








NiO, CoC 


) 




•032 


• • • 








MnOj . 






101 


• • • 








BaO 






-17 


• • • 








SrO . 






•046 


• • • 








LijO . 






none 


• • • 








VA . 






•023 


• • • 

5^53 










101141 




L««0=( 


:3i 




-62 


•62 









100-521 



4-91 



Zirconia and the rare earths were sought for by Dr Hillebrand, but not 
found. Titanium, chromium, vanadium, barium, strontium, nickel, copper, 
lead, zinc, arsenic, and molybdenum were not reported in the Challenger 
analyses. Their widespread distribution in the igneous rocks is, however, 
well recognised. The absence of lithiiun and fluorine is noteworthy. The 
unusuaUy high proportion of manganese suggests the presence of disseminated 
or incipient manganese nodules, like that so admirably analysed by Gibson.* 
In his work several of the rarer elements were determined ; so that their 
existence in the oceanic sediments is no new discovery. The fact of their 
general distribution, however, remained to be proved. 

In order to establish the true composition of the clay substance, some 
deductions must be made from the analysis as it is now stated. Hygro- 
scopic water and soluble matter must be eliminated, and also the calcium 
carbonate which is represented by the COg. The composition of the 

* DeejhSea Deposits, pp. 422, 423. 
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aqueous extract, as given by Mr Steiger's figures, is very near that of the 
sea-salts. I have therefore taken Dittmar's analysis of sea-saJts as a 
standard, and subtracted their equivalent, as measured by the chlorine in 
the unleached clay, from the analysis of the latter. A slight excess of SO, 
remained, which I have also thrown out SiS representing gypsum. In short, 
from the general analysis I have withdrawn the water lost below 106°, the 
sea-salts, the calcium carbonate, and a little gypsum, and recalculated the 
remainder to 100 per cent. 

For comparison, I have combined the twenty-five analyses of the 
Challenger report into an average, from which similar subtractions, so far 
as they were needed, have been made. In this case only gypsum and 
calcium carbonate were rejectable. As for the combination, its value is not 
very great, because of the inequality shown by the individual analyses. 
Only in four of the latter were alkalies determined, and the mean of those 
four I have assumed to be representative of all. The ferrous oxide is even 
more doubtful, for it was only determined in one of Homung*s analyses, and 
neglected in the others. Still, as will be seen in the subjoined table, the 
comparison is not without significance, and even if it is not perfect, it is 
better than none at all. 

REDUCED ANALYSES. 



Compoeite 


Challenger 


Analysis. 


Average. 


SiO, . 


54^48 


64^28 


TiOj . 


•98 


• • • 


AlA . . . 


i6^94 


16*41 


CrjOg . 


•012 


• • • 


FejOj . 


8^66 


13-68 


FeO . 


•84 


1*26 


NiO.CoO . 


039 


• ■ • 


MnOj . 


1-21 


1-62 


MgO . . . 


3^31 


1^76 


CaO . . . 


. 1-96 


•74 


SrO . . . 


•066 


• • • 


BaO . 


•20 


• •• 


1L,0 . . . 


2-85 


1-61 


NaaO . 


. 206 


1-37 


V A . . . 


•036 


• • a 


AsjOg. 


•001 


• • • 


MoOj . 


. trace 


« • • 


P2O5 . . 


•30 


•36 


CuO . 


•024 


• ■ • 


PbO . . . 


•008 


• • • 


ZnO . 


•006 


• • • 


HjO . 


7-04 


7-02 



100000 



100-00 
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The minor elements, not shown in the ChaUenger analyses, only sum up 
altogether to 1*36 per cent. Apart from these, the comparison is satisfactory 
in some respects, not so in others. In silica, alumina, and water the 
agreement is fairly good, but in iron the old analyses range much higher 
than the new. Possibly for the individual analyses the reddest, and 
therefore the most ferruginous, samples were chosen for examination, as 
being presumably the most typical. 

On the proximate or mineralogical composition of the red clay I have 
no important suggestions to offer. That problem was discussed at some 
length in the ChaUenger report, on the basis of Brazier's analyses. In 
those analyses there was discrimination between the portion of the clay 
soluble in strong hydrochloric acid, and the portion insoluble. In nearly 
every case the soluble ferric oxide was reported in excess of the insoluble ; 
from which I am inclined to suspect that the iron of the clay is present, at 
least partially, in limonitic or glauconitic combination. The new composite 
analysis shows a quantity of potash which suggests the presence of 
glauconite. The latter compound may well exist in a diffused form, quite 
unlike its common granular variety, and therefore not so readily recognised. 
This is a mere suspicion, not entitled to much weight at present, but worth 
considering in future investigations. My specific problem has been to 
study the distribution of the chemical elements in nature, and to that 
end the composite analysis of the red clay is a step forward. 



{Issiied separately JtUy 19, 1907.) 
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XYIII. — The Physical Properties of Mixed Solutions of Independent 
Optically - Active Substances. By Olerk Banken, B.Sc, 
Carnegie Research Scholar, and W. W. Taylor, M.A., D.Sc. Com- 
municated by Professor Crum Brown, F.RS. 

(MS. received May 6, 1907. Read same date.) 

The two systems containing one of a pair of optically-active stereoisomers 
and an independent optically-active substance present many points of 
interest and importance, but have not hitherto been investigated with any 
degree of completeness. What is known about them may fairly be said to 
consist of a series of isolated facts. The present communication also con- 
tributes a few more isolated observations, and is, in reality, a preliminary 
to a more systematic examination of the whole subject. 

So far as has been ascertained up to the present time, there seems to be 
some justification for the notion that there is an essential distinction 
between those systems in which the independent optically-active substance 
is capable of entering into definite chemical combinations with each of the 
enantiomorphs, and those systems in which chemical combination is either 
absent or doubtful. 

The method of resolution of racemic acid into its optically-active con- 
stituents by means of an alkaloid, one of the methods first made use of by 
Pasteur, depends upon the difference in solubility, in water or some other 
solvent, of the salt formed by the alkaloid with the deodro-acid, and of the 
salt formed by the laevo-sicid with that alkaloid. There are now known 
innumerable instances of a similar kind. 

Further, Marckwald and M'Kenzie * found that the rate of esterification 
of ^mandelic acid and {-menthol is slower than that of (2-mandelic acid 
and i-menthol. Similarly, the rate of saponification of i-menthyl 
(2-mandelate by solutions of alkalies in ethyl alcohol is greater than that 
of the i-menthyl ^mandelate.t M*Kenzie and Thompson J have just 
shown that the same holds with respect to the corresponding i-bomyl 
mandelates. In these examples there is no doubt about the chemical com- 
bination between the two opticaUy-active substances. 

On the other hand, van't HofF§ suggested the possibility of optical 

* Berl, Ber.y 34, p. 469, 1901. 
t M'Eenzie, Ch&n, Soe. Jour,, 85, p. 1249, 1904. 
t Proc. Chem, Soc., 23, p. 113, April 1907. 
§ Lagerung der Atome vm Ravme, p. 30, 1894. 
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antipodes possessing different solubilities in optically-active media ; no such 
difference has yet been observed. ToUoczko ♦ shook up aqueous solution 
of racemic acid with active amyl alcohol, which is almost insoluble 
in water; he observed no selective extraction of the one or other 
stereoisomer. Ooldschmidt and Cooper f determined the solubility of 
d' and of 2-carvoxim in active limonen at various temperatures, and found 
identity of solubility in the two cases. Cooper J further determined the 
solubility of the ^sodiiun hydrogen d- and {-tartrates in d-glucose solu- 
tions and found no differences in solubility. Quite recently H. 0. Jones § 
found that the solubilities of d- and of {-camphor, and of d- and 
i-camphoroximes in purified turpentine (ci-pinene) and in i-amyl bromide, 
were identical. 

Then, again, Emil Fischer !| was unable to detect any difference in the 
rate of inversion of cane sugar by d- and i-camphoric acids. Caldwell 1 
very carefully measured the rates of inversion of cane sugar by the 
/3-sulphonic acids of d- and {-camphor, and found them to be the same. 
Unpublished mea^surements, made by one of us in conjunction with Mr T. 
Bettie, on the inversion of cane sugar by the tartaric acids lead to the same 
conclusion. 

In these instances it will be generally conceded that there is no definite 
chemical combination between the two optically-active substances; if it 
does exist, it is almost certainly not of the same character as that obtaining 
in the systems of the other class. 

There still remain two cases of special interest, as they do not belong 
with certainty to either of the two classes discussed above. Pasteur ** found 
that ammonium hydrogen cZ-tartrate formed a well-defined crystalline 
substance with ammonium hydrogen {-malate, whereas ammonium hydrogen 
{-tartrate forms no such crystalline substance with ammonium hydrogen 
{-malate. Other similar differences are also known in the case of 
derivatives of taitaric acid and malic acid. Whether this crystalline 
substance can be regarded as a chemical compound is doubtful, and it 
has been recently stated by Brunitt not to be a double salt but an 
isomorphous mixture. 

♦ Zeit. Phy$. Chem., 20, p. 412, 1896. 

t Zeit, Phys, Ghem,, 26, p. 711, 1898. 

X Amer. Ckem, Jour,, 23, p. 263, 1900. 

§ Proc Cam. Phil. Soc, 14, p. 27, 1907. 

II Zeit. Phyiiol Ghem.y 26, p. 83, 1898. 

IT Proc. Boy, <S'oc., 74, p. 184, 1904. 
*♦ Ann. Ohm. Phy$. (3), 38, p. 461 1863. 
ft See Meyerhoffer, OUichgewichte der Stereomeren, 1906, p. 62. 



174 Proceedings of the Royal Society of Edinburgh. [Sess. 

Finally, Bapping and Pope * observed that the addition of (2-glucose to 
a solution of sodium chlorate always caused a preponderance of dextro- 
rotatory crystals of sodium chlorate to separate out on spontaneous 
crystallisation ; and later, they extended their experiments to solutions of 
sodium ammonium racemate.f 

In this case also they found that a solution of sodium ammonium 
racemate to which c2-glucose had been added, if allowed to crystallise 
spontaneously below 27^ C. (i.e, at a temperature at which the racemate is 
the unstable form and the tartrates the stable form), always deposited 
crystals of cZ-tartrate in greater quantity than of {-tartrate ; in some of the 
experiments almost pure c2-tartrate was obtained. 

It is difficult to see in what way the sugar brings about this result 
In view of the results of the researches mentioned above on the solubility 
of optically-active stereoisomers in optically-active liquids, investigations 
which were subsequent to and, in all probability, consequent upon these 
crystallisation experiments of Kipping and Pope, the glucose cannot be 
considered to diminish the solubility of the dextro-salt, nor yet to form a 
more soluble complex with the laevo-salt. If the aqueous solution of sugar 
be looked upon as an optically-active solvent for the salt, it is not easy to 
see why an optically-active liquid, which is at the same time a pure 
substance, does not cause an inactive d+l mixture to deposit on crystallisa- 
tion an excess of the one or the other isomer ; nevertheless H. O. Jones J 
was unable to obtain any trace of separations of inactive camphoroxim, or 
of inactive mandelic acid by crystallisation of its solutions of them in 
c2-pinene. 

Whatever the explanation may be, the interesting fact remains that 
the glucose influenced the two optically-active isomers in a different manner 
or to a different extent. 

The experiments described in this paper were directed to the mixed 
solutions of the two independent optically-active substances rather than to 
the heterogeneous systems-solid and solution, certain physical properties 
of the solutions being measured in order to find out if there were any 
recognisable differences in the two sets of solutions. 

^ ♦ Chem. Soe, Jovr., 73, p. 606, 1898. 
t Proc, Chem. 8oc,y 1898, p. 113. 
I Loc. cit. 
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Experimental. 

The properties of the solutions which were chosen for measurement 
were electrical conductivity, viscosity, and, as incidental to the viscosity 
determinations, density. 

The viscosity measurements were made with the apparatus described 
in detail in a recently published paper * on the Viscosity of Solutions. It 
may be mentioned here that what is experimentally determined is the ratio, 
17/170, of the viscosity of the solution to the viscosity of the solvent at the 
temperature of experiment. This ratio may be taken to be accurate to less 
than 1 in 1000. 

The density determinations were made in the usual manner by means 
of an Ostwald-Sprengel pycnometer ; a high degree of accuracy was not 
aimed at in the density determinations. 

The electric conductivity of the solutions was also measured in the 
usual alternating-current method with telephone and Wheatstone bridge. 

Every measurement given in the tables is the mean of several concordant 
determinations, made, as a rule, on duplicate solutions. In some cases the 
duplicate solutions were made up from different samples of the substances. 

Two pairs of optically-active stereoisomers were used, the normal 
potassium tartrates and the tartar emetics; for the sake of comparison, 
potassium racemate and racemic emetic were also included. 

The independent optically-active substance was cane sugar, but in one 
additional set of experiments maltose was employed; the reason for 
selecting maltose will be given later on. 

Water was the solvent in all cases. 

The {-tartaric acid was made from racemic acid by resolution with 
cinchonin. For the potassium tartrate solutions the three acids were 
converted into the potassium hydrogen salts, which were then repeatedly 
recrystallised. Weighed quantities of the dry salt were exactly neutralised 
with pure potassium hydroxide, and the solutions then were made up to the 
requisite volume. 

The c^tartar emetic was a specimen of commercial pure emetic which 
was recrystallised several times. 

The i-emetic and r-emetic were made from the corresponding potassiiun 
hydrogen salts by boiling up with pure antimonious oxide and much water 
for two to three hours; the liquid was then filtered and allowed to 
crystallise. The product was then recrystallised several times. Owing to 

* Trans. Ray, Soe. Edin., 46, p. 397, 1906. 



176 Proceedings of the Royal Society of Edinburgh. [Sees. 

their sparing solubility and well-delined crystaUine character, the emetics 
were ea,sily obtained in a very pure state. 

The solutions were always tested polarimetrically, and in every case 
the rotations of the equivalent dextro- and ioevo-solutions were found to be 
the same in amount ; the racemic solutions were tested and were inactive. 
As all that was wanted was a comparison of the effect produced by cane 
sugar on equivalent solutions of the dr and {-stereoisomers, the method 
adopted was as follows : — Equivalent solutions of the three, d-, i-, and r-, 
substances were made ; their density, viscosity, and electric conductivity 
were determined at 15"* C. and 25° C. A definite weight (1 gram) of cane 
sugar was then added to a definite volume (35 c.c.) of each solution, and 
the density, viscosity, and electric conductivity of the resulting solutions 
again determined. 

The results are given in full in the following tables. As already 
explained, it is the relative viscosity (fj/fjo) which is actually determined ; 
the values of i; are obtained from this ratio by multipljdng it by i/q, the 
viscosity of water at that temperature expressed in absolute units. The 
values of j/^ are taken from Thorpe and Rodger's table,* and are os follows, 
no at 15' C. = 0011335, and at 25° C. 000891. 

The electric conductivities are expressed in Eohlrausch units. 

Owing to their small solubility, the tartar emetics could not be investi- 
gated at a higher concentration than that given in the table, and nothing, 
apparently, was to be gained by working with more dilute solutions. 

Viscosity. 

Table I. — Potassium Tartrates and Cane Sugar. 

Temp. IS** C. 



Mols. per 
litre. 


Optical 
Activity. 


Solution alone. 


Solutions- Sugar. 


DifPerence 
in 11. 


vh<* 


V 




V 


•6 

•25 

•125 


d 
I 

r 

d 

I 

r 

d 
I 

r 


1-1890 
1 -1886 
1-1870 

1-0870 
1-0865 
1-0865 

1-0410 
10405 
1-0402 


-013477 
•013473 
-013456 

•012321 
-012316 
•012304 

•011800 
•011794 
•011792 


1*2935 
1-2916 
1-2902 

1-1740 
l-i732 
1-1730 

1-1255 
1-1245 
1-1245 


-014661 
•014640 
-014624 

-013307 
•013298 
•013296 

•012758 
•012746 
•012746 


-001184 
-001167 
•001169 

-000986 
•000982 
-000992 

-000958 
•000962 
•000954 



♦ PhU. Tram., 186, p. 449, 1894. 
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Table II. — Potassium Tartrates and Cane Sugar. 

Temp. 26'' C. 



Mols. per 
litre. 


Optical 
Activity. 


Solution alone. 


Solution + Sugar. 


Diflference 
in i|. 


vho 


V 


vho 


1? 


-6 


d 
I 
r 


1-2045 
1-2042 
1-2025 


-010732 
-010729 
•010716 


1^3065 
1-3052 
1-3028 


-011632 
-011630 
•011608 


•000900 
•000901 
-000893 


•25 


d 
I 
r 


1-0946 
1-0965 
1-0940 


•009762 
•009761 
-009748 


1-1800 
1-1816 
1-1790 


•010614 
•010627 
•010506 


-000762 
-000766 
•000767 


•126 


d 
I 

r 


1-0470 
10462 
1-0460 


•009329 
•009322 
•009320 


11245 
1-1240 
1-1240 


•010019 
•010016 
•010015 


-000690 
-000693 
-000696 



Table III. — Potassium Tartrates and Maltose. 

Temp. 15' C. 



-5 



d 
I 
r 



1-1890 
1-1886 
1-1870 



•013477 
•013472 
•013466 



12910 
1-2915 
1-2900 



-014634 
•014639 
-014622 



•001167 
-001167 
-001167 



Table IV. — Tartar Emetics and Cane Sugar. 

Temp. 16'' C. 



•08 


d 
I 
r 


1-0245 
1-0242 
1-0232 


-011613 
-011609 
•011598 


1-1056 
11060 
1-1042 


-012631 
-012525 
-012516 


-000918 
•000916 
•000918 



Table V. — Tartar Emetics and Cane Sugar. 

Temp. 26" C. 



-08 


d 
I 

r 


1-0260 
1-0266 
1-0250 


•009142 
-009137 
•009133 


1 1042 
11045 
1^1037 


•009838 
•009841 
•009836 


•000696 
•000704 
•000702 



VOL XXVII 



12 



178 Proceedings of the Royal Society of EdinburgL [Sess. 



Density and Specific Conductivity. 



Table VI.— Potassium Tartrates and Cane Sugar. 

Temp. 16° C. 



Mols. per 
litre. 


Optical 
Activity. 


Solution alone. 


Solution + Sugar. 


d 


K 


d 


K 


•6 

-26 

•125 


d 
I 
r 

d 
I 

r 

d 
I 
r 


1-0719 
1-0718 
1^0718 

1^0362 
1-0361 
10361 

1-0177 
1-0178 
1-0178 


•0649 
•0650 
•0551 

•03166 
•03165 
-03165 

-01746 
•01745 
•01745 


1^0812 
1^0812 
1^0811 

1^0463 
1-0462 
1^0463 

r0283 
1^0282 
1^0283 


•05086 
•06096 
•05106 

-02936 
•02926 
•02936 

01616 
•01610 
-01616 



Table VI I. — Potassium Tartrates and Cane Suqar. 

Temp. 25'' C. 



1 

•5 


d 
I 
r 


10684 
1'0686 
10683 


-06825 
•06835 
-06836 


1-0778 
1^0779 
1-0778 


•06330 
•06330 
-06315 




•25 


d 
I 
r 


1-0333 
1-0334 
10333 


•03925 
•03925 
•03925 


1^0434 
1^0434 
10433 


•03660 
•03666 
-03666 




•125 


d 

I 

r 


1-0154 
1-0164 
1-0153 


-02185 
-02185 
-02186 


1-0267 
1^0267 
1^0268 


-02006 
•02006 
•02006 





Table VIII. — Potassium Tartrates and Maltose. 

Temp. 15° C. 



-5 


d 

I , 
r 


10719 
1-0718 
1-0718 


•0549 
•0550 
-0551 


1-0809 
1-0809 
10809 


•05105 
•05106 
•06105 
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Table IX. — Tartar Emetics and Cane Sugar. 

Temp. 15° C. 



MoU. per 
litre. 


Optical 
Activity. 


Solution alone. 


Solution + Sugar. 


d 


K 


d 


K 


•08 


d 
I 
r 


r0157 
1-0167 
10156 


•00487 
-00487 
-00487 


1-0261 
1-0261 
1-0261 


•004665 
-004665 
•004665 



Table X. — Tartar Emetics and Cane Sugar. 

Temp. 25° 0. 



•08 


d 
I 
r 


1-0135 
1-0136 
1-0134 


-00626 
-00623 
•00628 


10239 
1^0239 
1-0238 


-005900 
-005900 
•005900 



In the first place, it will be noticed that addition of cane sugar has 
precisely the same effect on the d-, i-, and r-solutions, so far as viscosity, 
density, and specific electric conductivity are concerned. In only one case 
does the difference of viscosity caused by the «ugar exceed 5 units in the 
fifth place ; and in that one instance it may be concluded that there is a 
slight error, for at 25° C. the same solutions agree exactly. 

In one series of experiments maltose was used in place of cane sugar. 
The reason for this was that maltose on hydrolysis gives rise to glucose 
only, whereas cane sugar on hydrolysis gives glucose and fructose ; and it 
seemed not impossible that, owing to this difference, the two sugars might 
have different efiects upon the ri-salts and the i-salts. 

The maltose results are not strictly comparable with the others, because 
the water of crystallisation of the maltose was not taken into account, 
1 gram of crystallised maltose being dissolved in 35 c.c. of the solutions as 
usual. 

The maltose did not appear to have any different effect on the cZ-tartrate 
and ^tartrate solutions. 

There is, however, an unmistakable difference throughout between the 
optically-active solutions and the racemic solutions. This difference is 
greater in the more concentrated solutions, and is, no doubt, an indication 
of the existence of racemic ions or molecules in the solutions. This conclu- 
sion is supported by the fact that in every case the viscosity of the racemic 
solution is smaller than that of the corresponding dextro- or laevo-solutiona 



180 Proceedings of the Royal Society uf Edinburgh. [Sess. 

It is curious that the viscosity of the solutions show this difference so 
much more clearly than the density or the electric conductivity. Hitherto 
the differences observed between corresponding solutions of racemic and 
dextro- or laevo-compounds have been very small, and necessitated very 
accurate work. 

For example, Perkin * found that an 8*333 per cent, solution of tartaric 
acid had the density at 15**/15° C. of 1*03703, whilst the density of racemic 
acid of the same concentration was 1*03712. Again, Marchlewskif found 
that 14*018 per cent, solutions of tartaric acid and of racemic acid had the 
densities at 1574° of 1-06600 and 106623 respectively. In dilute solutions 
these small differences entirely disappear. Ostwald found that the electric 
conductivities of tartaric acid and of racemic acid were the same, but the 
solutions were all. dilute. Other examples are given in Meyerhoffers 
Gleichgevnchte der Stereomeren, p. 20. 

In none of these instances are the differences so pronounced as we have 
found to be the case with the viscosities. It is somewhat surprising that 
there does not appear, in this instance, to be any close connection between 
viscosity and electric conductivity. During the course of the investigation 
it was noticed that the viscosity was affected by small traces of impurities 
in the substances, to a much greater extent than were the density or 
electric conductivity. 

In conclusion, q& the addition of an independent opticaUy-active sub- 
stance to solutions containing optically-active stereoisomers has not caused 
any recognisable differences, it would be of special interest to know if, in 
the other class, in which chemical combination undoubtedly occurs between 
the two optically-active substances, there are recognisable differences in 
the properties of the two compounds. Nothing appears to be known with 
certainty regarding these systems beyond the fact that, in general, the two 
compounds have different solubilities, and in one or two cases that the two 
compounds can form a partially-racemic compound. 

In continuing this investigation we intend to include an examination 
of solutions of typical substances comprised in these systems. 

We desire to express our thanks to the Carnegie Trust for a grant 

towards the expenses of this research. 

♦ Chem. Soc, Jour., 51, p. 362, 1887. 
t BerL Ber., 26, p. 1661, 1892. 

Chemical Laboratory, 
University op Edinboroh. 

{Issued separately July 19, 1907.) 
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XIX. — On Vibrating Systems which are not subject to the 
Boltzmann-Majcwell Law. (Second Paper.) By Dr W. Peddie. 

(Bead January 7, 1907. MS. received March 7, 1907.) 

1. In the first part of this paper {Proc, Roy. 8oc. Edin., vol. xxvi., 1905-6, 
p. 130), a method was suggested by means of which it might be found 
possible to discriminate amongst certain oscillatory dynamical systems 
according as they did, or did not, follow the law of equipartition of energy 
in their Tespective vibratory freedoms. The fundamental assumption, 
implicitly made in the proposed process, was that the mean value of the 
kinetic energy of the system could be expressed as a sum of mean squares 
of the time-rates of circular functions of the time ; which functions were 
not "normal" co-ordinates, for their products in the expression for the 
kinetic energy were supposed only to vanish on the average over sufficient 
time. The results obtained are therefore subject to such limitations as 
that postulate may be found to impose. It is of importance to settle the 
matter decisively ; for the method, if valid, gives a test which is independ- 
ent of any question as to difference of the time-average for a single system 
and the number-average for many similar systems, and it is also applicable 
to dissipative systems, provided that the dissipation function is quadratic. 

The investigation is continued in the present paper, and the result 
confirms the previous general conclusion tis to the existence of systems 
which do not exhibit equipartition of energy amongst their freedoms. 

2. A distinction was drawn in the previous paper between cases in 
which the third law of motion held and those in which it did not hold. It 
W8W pointed out in § 4 that equipartition did not hold in a biperiodic 
system exempt from the third law, and this conclusion is quite general. It 
applies equally to a system possessing any number of freedoms, for the 
masses can always be chosen so that their ratio is either greater than the 
greatest, or less than the least, of the ratios l>ja\ etc., as in § 6. 

It is important to remark that this absence of equality between action 
and reaction merely necessitates the existence of a suitably constituted 
medium through which that action is propagated with finite speed. 

3. Dr Paul Ehrenf est has kindly communicated to me an elegant proof 
showing that, in the case of normal co-ordinates, the expression (see § 6 of 

the former paper) 

fi 

2 ('"p^'V - w,a'V)«r^V 
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can never have all its terms of like sign. Therefore, although the case of 
normal co-ordinates was excluded from consideration, it is necessary to 
inquire whether, in any of the vibratory systems under consideration, the 
fundamental assumption referred to in § 1 above may be impossible of 
fulfilment. Should this be so, it will not foUow that equipartition of 
energy holds in such systems, but it will follow that the test applied 
becomes indiscriminative. 

4. The equations of motion are of the type 

^p =* «j»if 1 + ^in^a + • • • • +a^fj,+ • • • •+flSmffi, 
and the solution is of the type 



m 



^p= 2; «'pr^ sin (n^ + or) , 
1 

where —^r*=fl4i+X2T^2i+ ^81^81+ • • • +^r^mi, and the Xs are subject to 
the m- I relations 

obtained by giving 5' values from 2 to m inclusive. The quantities 
X, . . . Xm are the usual undetermined multipliers used in the integration, and 
the second sufBx, r or 5, which has values from 1 to m inclusive, merely 
indicates one of the m values which each X may have. 

Using the notation aff^=k^^, and postulating observance of the third 
law of motion, so that ky^g=M^, where Mg is the mass associated with the 
co-ordinate (g , we have 

fCip 

and the equation connecting the Xs becomes 

Forming the similar equation in 5 + 1, multiplying it by \,^, and subtract- 
ing from it the above equation multiplied by X^ ,,+i , we get 

\'ffV. ff+1^ ^r(^ - ^, g+l)^r " (Xg*. ,+i - X,,j)aj,, + ^ (V «+l^ " V*^ . «+l)*rg' 
2 X 

Multiplying this equation by k^^- , and summing for all values of q' from 2 
to m, there results 

m m m q'—l 

2 2 2 2 

m m 
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Remembering now the condition kigXir^=kira^r» and noting that the quantity 
in the bracket in the last two double sums reverses its sign on interchange 
of q' and r, we see that the tenns in these sums cancel in pairs, so that 
we finaUy obtain 

22 M^ - K . g+l)( 1 + ^ AirV. 9+l)«lr = . 
2 3 

Hence we have one or other (or both) of the conditions 



m m 



3 i 

that is, one or other (or both) of the conditions 



m 



SCI+Ah^VA-.^O-O: V-«,+i' = • • • (2) 

Each of the m— 1 possible values of q contributes a similar pair of 
alternative or simultaneous conditions. If, in any case, two frequencies 
specified by riq and n^+^ are unequal, the left-hand alternative must be 
satisfied.* 

It is necessary now to investigate the bearing of these conditions on the 
question of " normality " above alluded to. 

5. We have 



2 I 42 I = 2 «'V«r^ V + 22 j a'^>rnAA. COS (M + Or) COS »^ + tt,) | 

where { } indicates an average taken over a time which is long in 
comparison with the longest of the fundamental periods, which we 
presume to be distinct. It is also implied that the average time between 
successive collisions is similarly large. In accordance with our postulate, 
every term in the double sum vanishes. If E be the total kinetic energy 
in the system in the interval between two successive collisions, its value is 
given by 

1 ' ' 11 

fn in fn t \ 

+ 22 ^p2 «'pra'i«^T" A^- ] COS (n^ + a^) cos (n/ 4- a.) > . 
Ill ^ ' 

The triple sum would vanish at every instant if we had 



m 



2Mpap^'^ = (3) 

1 

♦ Similar formulse hold in the m - 2 cases in which we take gr +2 instead of g, and so on. 
Altogether there are fn(m - 1) equations of type (2). 
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This, therefore, is the condition for "normality"; and if it be satisfied, 
Dr Ehrenfest's result applies, and our test of non-equipartition, i.e. 

of the same sign, whatever be the value of r , when p and q are given, 
cannot be satisfied. If, on the other hand, equation (3) does not hold, the 
test is valid. 

6. Still presuming distinctness of periods, so that the first of equations 

(2) applies, we shall now u§e that equation to discriminate cases in which 

(3) will hold. 

Taking first the case of two freedoms, (2) gives 

or, in the notation of § 3 of the first paper, 

1 - k^2^' « = &! - ^2^' • 

But (3) becomes Mjrr'— Mg, so, since k^2~'^i/'^2 ^he conditions (2) and (3) 
are identical, and normality is necessary provided that Mjij = Mgftg in 
accordance with the third law of motion. This verifies the conclusion in 
the former paper. 

7. In the case of three freedoms with distinct periods (2) gives 

1 + ^12^1^2 ■*" "^18^81^2 "^ ^ » 
1 + ^^12^2^23 ■*■ "'18^2^8 ~ ^ » 
1 + ^12^8^1 + ^13^8^1 ^ ^ » 

while (3) gives 

Mi« n«'i2 + Mga'gia'aa + ^8^81082 = , etc. 

Now, referring to the formulae of § 6 of the former paper, we have 



^a 11 = 



Aa'22 = 



^ 


^32 


^23 


^38 


^. 


1 


^.1 


1 



Aau = 



Aa'ji = 



^28 


^.8 


^21 


K^ 


1 


^2 


1 


^ 



Aa'ji = 



da'gj = 



^2 


1 


^8 


1 


1 


^ 


1 


Xji 



Hence, using the first two of the three equations just deduced from (2), we 
obtain the results 



a 



22 



*» - )^a' 



a 



92 



^'->^a' 



Similarly, 

^^"■^i^n'^^-^i^'n 
Therefore, substituting in the first of the three equations, we establish the 
first of equations (3), and the others can be established similarly. Thus 
normality obtains necessarily, and Dr Ehrenfest's conclusion shows that, 
contrary to the expectation expressed in § 8 of the former paper, while 
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equipartition may not hold in the case of three freedoms with distinct 
periods, we cannot prove by the present method that it does not hold. 

8. We shall next take the case of three freedoms with two periods 
identical and the third distinct. In this case the three left-hand alternatives 
of (2) may still hold. If they do hold, no conclusion can be drawn ; but if 
one does not hold, we cannot establish the condition for normality, and so 
Dr Ehrenf est's result does not apply. 

We have now to make the triple sum, expressed in § 5, vanish by 

extending the average so as to include many collisions, and making the 

assumption 

{A^,C08(ay — a,)} =0 . . . . . (5) 

with regard to the term in which 7i^=7i,. 

Because of the random nature of the collisions relatively to the actual 
co-ordinates, this seems to be the proper assumption to make. Yet it must 
be recognised as an assumption to be verified by tests. If we can construct 
a three-freedom system, having two periods coincident, and satisfjdng the 
conditions which secure unequal partition of kinetic energy on the average 
amongst the freedoms, the assumption will be justified. 

We shall take n^^n^^n^] \i = ^ > A22 = l> ^28 = 2; \i = ^, ^82=-** 
X33 = 3. With these values, the conditions 

1 + ^<'i2^iA.22 + ^13^1^2 ~ ^ 
1 + ^2^^3 + ^18^2^8 ^ ^ 

give A;i2=l , ^18 = 2, and the remaining quantity 1+^^12X28^21 + ^13^38^31 
is not zero, so that the condition for normality is not satisfied. Going 
back now to equation (1), we find 

in which q takes the values 1,2,3. Taking the values aii= — 3 , a^g^^ ~2 , 
a^g = 1 , a22 = — 3 , a2, = 1 , ajg = — 2 , and remembering the relations ^21^11 
= ^12^12 »®^» it is easily found that the above equations are identically 
satisfied. Therefore the cubic in n^ (see § 3 of the first paper) is 



= 0, 



the roots of which are n^^ = n^^ = l , '7^2^ = 6 . This may be verified from the 
expression— Tig* =aii+X2,a2i+ Xj^agp If weputM^^l , weget M2=l,Mj = i, 
and the dynamical system is completely specified.* 

* The numerical example given in tbe first paper wae fallacious. 



-3 + n2 


-2 


1 


-2 


-3 + n2 


1 


2 


2 


-2 + «2 
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The signs of the various quantities (4) , § 5 , have now to be determined. 
The chosen values of the Xs give 

Aa\^ = 4 . Art'ij = 1 , Aa'is = - 6/2 ; Aa'21 = - 7/2 , ^a^ = 1 , Aa'og = 5/2 ; 

Aa'ji = 1 , Aa'32 = - 1 , Aa'33 = . 
So we find 

^'{M,a\ - M,a\) = 1 If ; ^^yi^a'S, - y\,a\) = ^ ; ^m,a\, - M3a'233) = 6i ; 
A-^(M3a'23^ - M^a\) ^ - 15i; ^'{U,a\, - U,a\,) = - i; ^m,a\ - M3a'^3) - - 6^. 

The sign of every one of the three quantities in any one of these three rows 
is similar. Therefore there is no equipartition of energy between any pair 
of masses. The average energy of M^ exceeds that of Mg , which exceeds 
that of M3 . 

If the postulate (5) were not granted, it is not easy to see how the quan- 
tities A and a, which are the arbitrary constants of integration, could be 
regarded as truly arbitrary within their allowable ranges. The arbitrari- 
ness is supplied by the randomness of collisions. 

9. We shall now take an example in four freedoms with the conditions 
n^ =n^ = n^^ n^ With the values 

^1 = 1 > ^81 ~ " ^ » \i == 1 > 
A22 = — 1 , A32 = 1 , A^2 = 2 , 

^8 ~ ^ » ^8 ~ 2 , X^3 = 1 , 
A24 = - 3 , X34 = , A44 = 3 , 

the conditions (2) for inequality of periods give 

l-A;^2-^*i8 +2^*14 = 0, 
1-3A;^2 +3^•l4 = 0, 

Hence we have k^^ = 2/3 , A^j = 1 , k^^ = 1/3 ; and also, by the expression for rir 
in § 4, if we take a^^^ ^ai^ = a^^=l, we have -n^^ = a^i + 2 , -71^^= -n.^ 
-^ — 7i42 = aii — 1. Taking aji=-3,these give 71^ = 1,712 = 713 = 714 = 2; 
and the conditions (2) for equality of periods are identically satisfied. 
Taking a22= -10/3 ,a23= -2/3 , a24 = 2/3 ,a33= -3 , a^=^ -1 , a,^= - 11/3 , 
and remembering appA;ig = appA;,^, we find that equations (1) connecting the Xs, 
and the as are identically satisfied. The quartic in n^ is therefore 



-3+«* 


1 


-1 


1 


§ 


-V+n* 


-§ 


f 


-1 


-1 


-3 + n« 


- 1 


* 


\ 


-i 


-V+«' 



= 0, 
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r$ 



the roots being 1 and 4 (triple) as above. The values of the quantities a' 
are as follows : — 

A V^ii = , A«a'aig = 18» , AV^u = 9« , ^*a'\^ = 9« ; 
A «a'«j, = , AVjj - 6« , Ai!a'2„ - 3« , S»a'\ = 3« ; 
AVV-0, AV2,j- , A2a'2„-0 , &.'a\^0 ; 
A«o'2„ = , A V»« = 1 2« , A V»« = 6« , A V«^ = 6« . 



Hence, remembering the values of the ka in terms of the masses which 
give Mj = 3Mi/2 , Mg = Mj , M^ = 3Mi , we get 



A«(Mia«ii 

A»(M,a'»„ 
A«(Mia^, 

A«(Mia'«ii 
A»(Mia'«„ 
A«(M,a'«i, 
A*(Mia'«i, 



M,a«-jj) = A»Mi(18«-|6«) 
M,a'V = A»Mi( 9»-|3«) 
M,aV) = A«Mi( 92-|3«) 

M,a'«„) = A»Mi(182-3(12)'), 
M,a'*«) = A«Mi( 9«-3( 6)«), 
M^a'*^) = A2M,( 9«-3( 6)«), 



A«(Mja'«ji 
A«(Mja'''^ 
A«(M,a'«j, 
A«(Msa'V 



U^%,) = A«Mi(f 6«) 
M3a-23g) = A«Mi(f32) 



which show that the average energies of the masses are never equal, the 
energies of M^ , Mj , Mg , M, being in descending order of magnitude. 

By change of the value of o^j a single infinity of such examples is 
readily specified. 

10. The general values of a'n , a'ji , a'jj , are given by 



Aa' 



11 



*M^ 



"wU 



^Im 



; ^a'iii" 



'32 



\ia 1 



^«'8I - 



^42 ^2 1 ^2 



1 



m 



Knm 1 ^«m 



and the expressions for other as can be written down by symmetry. 



Hence, selecting the m—l equations involving Xji » • • 
7n{7n'- 1) equations (2) when all periods are distinct, we find 



Xwi out of the 



^12 -T— 

'^12 



1 a' 



11 
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Similarly, selecting them — 1 equations which involved X22 . • . . Xm2> we 
get 









^ - 1 «'22 




and so on. 


Finally, 














_ 1 ^'22 _ 

i ' • • • 

A22 «12 


_ 1 a'jm 

Ajm *im 


Generally, 
















A ai2 


• V # 



Therefore the equation 



becomes 



or 



IT" "'' ~' L~ ' "~^ -r • . . . -r T — —, —, V, 

/Cj2 a Ir a 1* *^18 ^ Ir ^ U ^Im t* Ir *• U 



which shows that, in a system having 7n degrees of freedom with tti distinct 
periods, the property of normality always exists, and therefore Dr 
Ehrenfest's conclusion applies, and we can neither prove nor disprove the 
doctrine of equipartition of energy. If, on the other hand, even only two 
periods coincide, 7i,.=7i„ the above condition is not binding, and we may 
deduce infinities of cases where equipartition is not observed. At least this 
is so if we can postulate free response of the As and as to random impacts 
so as to satisfy (5). That condition being granted, the above numerical 
examples are conclusive. 

No doubt we can introduce, in an infinite number of ways, a linear 
transformation of co-ordinates, which would impose " normality." It would 
be impossible then to prove, by the present method, anything definite 
regarding the partition of energy amongst these new variables. But these 
variables are not those corresponding to the actual freedoms of the 
individual masses. Even if it could be otherwise proved that the energy 
is equipartitioned amongst them, it is not clear how any conclusion could 
be drawn from that fact regarding the partitioning amongst the actual 
freedoms. Unequal salaries, due to A, B, and C, can be equipartitioned, in an 
infinity of ways, amongst A', B', and C ; but law prevents the process. 

11. In this connection it is important to examine analogous questions of 
partition in non- vibratory systems. 

Lord Kelvin has pointed out, and it seems to be fully admitted, that 
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the meaning of the Boltzmann-Maxwell doctrine, as applied to a single 
particle moving, under none but coUisional forces, on a smooth surface 
whose boundary is such as to ensure fulfilment of Maxwell's assumption 
regarding phases, is that a geodetic drawn long enough will pass infinitely 
near every point within the boundary, as often in nearly one direction as in 
another, as often within a given small range in the neighbourhood of one 
point as.in that of another. The possibility of passage infinitely near any 
point in infinitely nearly any direction being assumed, the doctrine asserts 
absolute equality in space distribution and direction distribution. To settle 
this point. Lord Kelvin has introduced experimental tests (Baltimore 
LectureSy App. B) which indicate marked deviation from the Boltzmann- 
Maxwell condition. Lotteries were used to bring in the random element 
which the kinetic theory requires. 

In a recent address to the American Association for the Advancement 
of Science, Professor W. F. Magie says, " I do not pretend to be able to show 
that these results of Lord Kelvin are of no value as evidence against the 
truth of the theorem, but I would remark that we can at least justify a 
doubt about them by noticing how small a deviation in the experiments 
from perfect impartiality of conditions will suffice to produce a large 
deviation from the expectation of the theory of probabilities " (ScicTice, 
Feb. 2, 1906). He then shows that great bias may arise through slight 
inequalities in the sizes of cards in a pack, and adds, " I think we may fairly 
suppose that the discrepancies of 15 per cent, or so, which lappeared in his 
experiments, may have been due, not to a failure of the theorem of equi- 
partition, but to trifling departures from impartiality in his methods of 
experimentation." 

We shall consider specially the case, dealt with by Lord Kelvin in § 38 
of the Appendix, of a plane surface with a circular boundary of infini- 
tesimal semicircular corrugations hollow inwards. He says, "The Boltz- 
mann-Maxwell doctrine asserts that the time-integrals of the kinetic 
energies of the two components, radial and transversal, according to polar 
co-ordinates, would be equal." In a set of 143 flights, in which the total 
time-integral of kinetic energy was 121*3, he found an excess of the radial 
over the transverse component amounting to 10*7, and remarks, " Out of 
fourteen sets of ten flights I find that the time-integral of the transverse 
component is less than half the whole in twelve sets, and greater in only 
two. This seems to prove beyond doubt that the deviation from the 
Boltzmann-Maxwell doctrine is genuine ; and that the ultimate time-integral 
of the transverse component is certainly smaller than the time-integral of 
the radial component." 
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The fact of the constancy of the result in twelve out of fourteen 
equal portions of 140 flights bears against Professor Magic's supposition ; 
but, in view of the entire legitimacy of that supposition, it seems to be 
desirable to test the question farther mathematically. The following 
investigation indicates how Lord Kelvin's result may be entirely 
correct. An extension on similar lines could fix the exact proportion of 
radial to transverse components of the kinetic energy. Without carry- 
ing out that extension, we obtain a disproof of the conclusion that all 
phases are equally distributed in space and time provided that all phases 
are possible. 

12. An incident path, making a fixed angle 6 with the line drawn from 
the centre of the circular area to the centre C of a semicircular corrugation, 
may cross the diameter A B of that corrugation at any point between A 
and B. All points are supposed to be equally probable. The diagram 
represents the case n = 5. The reflected path coincides with the incident 
path when it passes through C. As the crossing point passes down- 
wards from C, the reflected path makes a smaller angle, 0', with 
CO until the point A^ is reached, when the paths are contra-parallel. 
(Points such as A^, etc., are indicated in the figure by their suflixes 
alone.) As the crossing point passes farther down, ff increases until 
reflection occurs at B. The magnitude of 0' then diminishes until, 
when Ag is reached, parallelism again occurs. Similarly A3 and A4 
correspond respectively to contra-parallelism and parallelism; and so 
on. When the crossing point lies in the regions CAj, Ag Ag, etc., 
the path which leaves the corrugation makes a smaller angle with 
C O than the entering path makes. When the point lies in the regions 
AjAg, etc., the emergent path makes a larger angle with CO than the 
entering path makes. 

In the same way we find that, when the crossing point is in the regions 
C Bj, Bg Bg, etc., the angle of emergence exceeds the angle of entrance ; while, 
when the crossing point lies in the regions B^ Bg, B3 B„ etc., the angle of 
emergence is less than the angle of entrance. If the radius of the corru- 
gation be unity, twice the probability that the emergent path shall pass 
nearer the centre of the circular area having the corrugated boundary 
than the entering path passes is given by the sum of the lengths of the 

regions C Aj, Ag Ag, . . . . , B^ Bg, Bg B^ The number of these regions 

depends on the value of the entrant angle, 6. When 6 has the value •7r/27i, 
the points Ajn-s, A^{n-i)> ^^n-D, B.^_i, coincide in pairs respectively with 
the extremities A, B, of the diameter. 

li p + 1 be the number of reflections of a path between its entrance 
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into, and its emergence from, the semicircle, we have the following 
expressions : 

""*'*" 507^1) • 
CA,oo.«.CB,co.«.,i„-£-^-^. 
PR ,]_„;„ PT-2g 



Twice the probability that the emergent path shall pass nearer to the 
centre of the circular area than the entrant path passes is represented by 

I 1 L 2(p+2) '^P A 4 J ' 

When 71 has a given value, d lies between ir/2w and Tr/2 (n— 1). 
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13. The full curve in the accompanying diagram represents the prob- 
ability of the emergent path being nearer to the centre than the entrant 
path ; the dotted curve represents the probability of the emergent path 
being further from the centre than the entrant path. Ordihates represent 
the probability, abscisssB represent the angle 0. The probability is almost 
exactly 0-5 at = 26°. 

If a and a are the complements of 6 and 6\ where ff is the smallest 
emergent angle corresponding to as the entrant angle, we have a=Sa» 
provided that a is less than 7r/4. Conversely, no path a can be reached 
from a path outside the angle 3a. Thus, with all possible directions of 
entrant path, the probability that the emergent path shall have a small a 
is small. On the contrary, emergent paths for which a is large have large 
probability. 

Now the path for which the average radial and transverse components 
of kinetic energy are equal is given by 

tun ^=2^ 

and corresponds to 6 slightly larger than 23"*. It therefore lies slightly 
inside the path (0 = 26°) which is equally readily reached from both smaller 
and larger values of 0. Therefore this latter path has a slight preponder- 
ance of the transverse component of kinetic energy over the radial 
component. The excess is scarcely one-fifth of the total kinetic energy. 
Consequently, all directions of incident path at the corrugated boundary 
being made initially equally probable, the large probability of emergent 
path with large a, that is, small ; and the small probability of emergent 
paths with small a, that is, large ; make it almost certain that the initially 
emergent paths will show an average preponderance of the radial over the 
transverse component of kinetic energy. This distribution of emergent 
paths constitutes a distribution of entrant paths still more favourable to 
that preponderance than was the initially postulated distribution. 

Without making a more detailed investigation, it therefore appears 
likely that the preponderance of the radial component, which was exhibited 
in Lord Kelvin's tests, is a result to be expected. 

14. The corresponding result can be obtained more readily with a 
diiFerent law of reflection at the boundary. A molecule moving in the 
interior of a liquid or solid spherical cavity has probably no direction of 
reflection preponderant over another. We shall assume that all directions 
are equally probable for the reflected path whatever be the direction of the 
incident paths. If we assume, for simplicity, that the cavity has unit 
radius, and that the mass of the moving particle is 2 while its speed is 
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always iinity, the excess of the radial over the transverse component of 
kinetic energy is 

tantf- 2g 

where 6 is the angle which the path makes with the tangent plane at its 
extremity- The element of solid angle is 2ir cos d(2d , so that the average 
excess of the radial over the transverse component of kinetic energy is 



-coaOde, 



which can be put into the form 






or, again, into the form 



'-^/".r^SD 



31 +3^"^ 3. 



1.4/ y' 



3:6 



i — (2«) / x' Yi 

. • . ■ (2n + l)Vl+W J- 



Evaluation of the first two terms of the integral shows that the whole 
quantity is negative ; so that, in the motion of a single particle throughout 
a sufficient time, there is excess of the transverse component of kinetic 
energy over the radial component ; or, in the motion of many non-colliding 
particles, there is, on the number-average, a like excess. 

VOL. xxvil. 13 
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In this case all phases occur, and that with equal frequency, yet there 
is not equipartition of the radial and transverse components. In the 
previous example all phases occurred, but not apparently with equal 
frequency. 

When collisions occur amongst the particles, equipartition becomes more 
and more nearly satisfied as the mean free path becomes smaller and 
smaller relatively to the diameter of the sphere, unless some cause other 
than a boundary condition intervenes to prevent equipartition, or to prevent 
that condition of ''molecular chaos," the postulation of which seems 
to be equivalent to the postulation of equipartition. Such a cause is 
that co-ordination of velocities which Burbury contemplates fiU3 due to the 
tendency to release local variations of pressure, on a molecular scale, along 
paths of least resistance. It does not appear that, either in rare gases 
whose mean free path is comparable to the linear dimensions of the 
enclosing vessel, or in dense gases where it is not comparable to these 
dimensions, there is necessary equipartition of energy amongst all the 
freedoms. 



{Issued separately Aug%i9t 28, 1907.) 
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XX. — On the Partition of Heat Energy in the Molecules of Gases. 
By Dr Paul Ehrenfest. {Communicated by Dr W. Peddie.) 

(Read January 7, 1907. MS. received March 7, 1907.) 

In a paper published some time since,* Mr Peddie takes up the following 
question : Given a gas whose molecules contain atoms which are held 
together by purely elastic forces, do there exist, even in this simplest type 
of multiply-atomic molecules, cases in which, when there is equilibrium 
of heat, the average equipartition of kinetic energy demanded by the 
Boltzmann-Maxwell Law does not exist? 

Mr Peddie's formulation of the question possesses, above all, the merit of 
having directed the discussion of the Boltzmann-Maxwell Law of energy 
partition to a case which adapts itself readily to calculation. This dis- 
cussion of elastically oscillating systems assumes a special interest in regard 
to the difficult problem of the partition of energy between ether and 
matter. 

Having in view the great importance which, in this way, this 
formulation of the question possesses, I propose to show — 

1. There actually exist, in the sense of the general question, a class of 
cases in which elastically oscillating systems certainly exhibit non- 
equipartition. These cases are obtained by means of special sim^ultanecma 
assumptions: (a) regarding the mechanical structure of the oscillating 
molecule ; (6) regarding the character of the collisions amongst the molecules. 
But this class of non-equipartition cases does not contradict Boltzmann's 
line of thought. It verifies, rather, certain restricting remarks which, 
without developing them farther, Boltzmann made in his first work on the 
H-theorem. 

2. Mr Peddie seeks, in the special development of his work, to construct 
an essentially different class of non-equipartition cases. Their existence 
would in fact be irreconcilable with Boltzmann's results. Yet, as I shall 
show farther on, this special presentment, at least in its present form, does 
not suffice to prove the existence of the second class of non-equipartition 
cases. 

It would thus appear that the construction, postulated by Mr Peddie 
for elasticaUy oscillating TYwlecvies which do n^ot exhibit equipa/rtition, 

* W. Peddie, " On Vibrating Systems which are not subject to the Boltzmann-MaxweU 
Law," Proe. Roy. Soc. Edin., vol. xxvi. 1906 (pp. 130-141). 
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can in fact be carried out in a somewhat modified manner. But this con- 
struction then forms n/> objection to Boltzmann's general line of thought 

§ 1. Boltzmann has given, in §§ 74-86 of the second volume of his 
Oastheorie, on the basis of the H-theorem, the theory of the equilibrium of 
heat in multiply-atomic gases. We shall frequently refer in what follows 
to this presentation. Boltzmann makes the foUowing remarks in preface 
to the deduction of the law of distribution (page 241): — ^"The complete 
development of the proof that the distribution, e"**™"^, is the only 
possible one which can maintain itself in a stationary gas, whose molecules 
are multiply-atomic, has not hitherto been successful in complete generality. 
Yet the development of this proof is possible, in the simplest and practically 
most important cases, to the same extent as for mon-atomic gases." 

The deduction of the distribution from the H-theorem involves two 
distinctly separate steps: — 

A. The deduction of the known equation 

/ fr/Jl <^> 

(see §§ 74-82). 

B. The solution of this (functional) equation. Whilst this second step 
is very simple in the case of monatomic molecules, it offers special difficulty 
in the case of multiply-atomic molecules. (For the discussion of particular 
cases, see Boltzmann in §§ 83-86.) But, at the same time, this second step 
exhibits the possibility, e,g, through special assumptions regarding the 
nature of the collisions between the molecules, of finding cases of non- 
equipartition. 

§ 2. Each molecule is made up of atoms A, B, C . . . . With reference 
to the nature of the collisions between the molecules, Boltzmann follows 
out two essentially different assumptions. 

Assv/mption I. — Every atom of every molecule can collide with every 
other (§§ 83-84). 

Assv/mption II. — In each molecule the atom A alone is susceptible of 
collision ; the remaining atoms are influenced only through the changes of 
motion of the atoms A. 

In the case of assumption I., the H-theorem furnishes a complete estima- 
tion of the speed distribution for atoms of all kinds. As well the atoms 
A, as B, as C, .... , obey Maxwell's speed distribution, and certainly are 
such that the mean kinetic energy (time, and number, mean), for the atoms 
of all kinds, has the same value (p. 243). 

In the case of Assumvption II., on the contrary, the H-theorem furnishes 
too few equations, apart from, supplementary assv/mptions, for the deter- 
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mination of tJie speed distribution of aU atoms (p. 246). In connec- 
tion with this point, the calculation is carried out for diatomic molecules 
in the case in which A and B act upon each other in the direction of the 
central line, and only the atoms A strike each other. In this special case 
we can so complete the result of the H-theorem, by apparently plausible 
assumptions, that there results a fixed speed distribution. It appears that 
here also, both for A and B, Maxwell's distribution law holds, and certainly 
that the mean kinetic energy (time, and number, mean) has the same value. 
§ 3. The calculation by which, in this special case, Boltzmann reached 
the result, does not settle whether the same result would hold in somewhat 
more general cases, e.g. for a molecule with more than two atoms or with 
another law of force. But the calculation which Boltzmann carried out in 
§ 86 for the two-planet case can be put in a somewhat more general form. 
This shows at once that, in the case of assumption II., for observance or 
non-observance of equipartition, it is very essential, on account of the 
structure of the molecule, that the free motion (between two collisions) 
admit an integral of the form 



/(^.. 



. isn,(iyi2y(s .... &n) = con8t.» • . • (2) 



that is to say, an integral which does not depend explicitly either on the 
time, or the velocity components ^i, ^2» in* ^^ ^^^ atom A.* The farther 
pursuit of this question leads, then, to a corresponding systematic determina- 
tion of non-equipartition cases. For the present purpose, it suffices to give 
one case. We choose one such which furnishes the immediate answer to 
Mr Peddie's question. 

§ 4. We consider a mixture of two gases of the following nature. The 
molecules of the first gas are monatomic, and do not act upon each other 
with any force (except on collision). The molecules of the second gas are 
constituted of n atoms A, B, . . . which are bound together, and to their 
equilibrium position, by elastic forces. Here also the atoms A alone are to 
suffer blows, and these can come from the freely moving molecules of the 
first kind. 

The cartesian co-ordinates of the ti-atoms, measured from the equilibrium 
position of each atom, may be denoted throughout by 

where (^, (^, f 3, are the co-ordinates of the atom A. As elastically oscillating 

* Moreover, it can then be shown that the integral does not contain the co-ordinates 
111 {9} 6* For the proof, one has to use the supposition that the forces depend only on the 
co-ordinates. 
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systems, the molecules of the second kind possess Sn normal-vibrations. 
The normal co-ordinates may (in arbitrary order) be denoted by 

For the kinetic and potential energies we have the following representations : 

2T=2^*^*=2x', (S) 



1 1 

9fl Sft 8n 



2y^^^P^,$,=-^B,X^ (4) 



There are, farther, the following substitutions : — 



(5) 



The substitution coefficients Uf^ depend on the mechanical structure of the 
molecule. We make now the following special assumption regarding this 
structure. Postulate that 

All other coefficients li^ shall have any values, different from zero, so far as 
they are compatible with positive values of m and real values of /8a*. The 
physical meaning of this assumption is this : — 

In the expression for the energy connected with the first normal vibration 

El-i(x^+B,x^), (7) 

the speed components ^i, ^2> ^8» ^f ^^ atom, A do not appear (nor also its co- 
ordinates). 

5. One sees easily now that this assumption regarding the structure, 
together with the restricting assumption regarding the collisions, brings 
in non-equipartition. 

To this end we show next that the quantity E^ retains for each molecule 
its original value (E^ is an integral of the type defined in equ. 2). 

(a) During the free motion the quantities Ej, . . . , Ejj„ remain constant. 

(6) Ej also does not change by the blows. For the quantities 

possess immediately after the blow the same values as they had immediately 
before the blow. Only the quantities 

% 1 f V 2 » V 8 

suffer certain sudden changes. But, since the quantities ^i, ^j, ^3, do not 
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enter into E^, that quantity possesses, immediately before and after the blow 
(therefore in general always), the same value. 

We consider at present the simplest case: E^ originally zero for all 
molecules. It remains then lastingly zero, and with it also the value of 
Xj*. So the mean value of X^* taken over all molecules is lastingly zero. 



Xi-0 (8) 

however one may change the temperature of the first gas.* 

On the other hand, the law of equipartition would demand that 

for, according to (3), the kinetic energy is made up of sums of squares of 
Xo which are the so-called "momentoids" (Boltz., b. ii. § 33). 

For certain questions it would be interesting to settle: Does this 
manifest non-equipartition for the momentoid X^ necessitate that non- 
equipartition holds also for Jrrif^^ ? To be able to deduce this consequence, 
one must exclude all the special structures, which, besides the integral 
Ei= const., admit other integrals of the form (2). Yet that would lead as 
far. It is sufficient for the preceding object to settle that at any rate 
the momentoid X^ tio longer complies with the law of equipcurtition. 
Throughout, it is essential for the attainment of the result that we make 
the assumption, previously taken into consideration by Boltzmann, regard- 
ing the limitation of the collisions. 

// OTie, on the contrary y Tnade regarding the blows the assumption I., 
the H'theorem wovXd give equipartition for both series of Tuomentoids 

§ 6. We pass now to the consideration of the test of that class of non- 
equipartition cases which, in the introduction, we denoted as the second 
class of non-equipartition cases. Apart from making an assumption re- 
garding the limitation of the blows to the atom A, equipartition can only 
be excluded by an assumption regarding the structure of the oscillating 
molecule. 

We make now the assumption that the frequencies of the 3» normal 
vibrations possess distinct values p^ , p^^-^ We have 

Xi = At Bin Pi(t + ti) (10) 

Xi=PiAiCospi(t-i'ti) (11) 

* One can also proceed from any other original value of £|. Only one muflt then 

epeciaUy prove first that X\ remains constant with E|. There exists here an analogy to 
the case of rigid molecules with rotational symmetry, 
f In § 8 this restriction will be removed. 
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There subsist farther the substitutions * 



^2 =«2lXi+ 



. (12) 



with analogous substitutions for ^a. We introduce now the following time 
average symbol 

\m,^H'rn,i^.\-^f(m^i'H'rn^\)dt . . . (13) 

Here denotes a time which is large relatively to the longest of the periods 
of the normal vibrations. The integration is extended over a free motion 
of the molecule of the second kind. We shall correspondingly make for 
the following application, the assumption that a molecule of the second kind 
makes numerous oscillations between two collisions."}- From the assumption 
that all frequencies, jp<, are different from each other, it follows that 

{X,X^}=0 fort>i (14) 

On the other hand we have 

{X,*}"-^' (15) 

One has also, for the difference of the time averages of the kinetic energies 
i'^hii? and Jm*^*^ the expression 

The quantities 

^tA = rni,a\i-mjfl\ (17) 

are determined by the structure of the molecule, the quantities K\ by the 
occasional excitation. 

One can now put the question J — Is it possible so to choose the structure 
of the molecule, that is, the quantities m^ . . . . m^ and P », that, at least 
for one pair of indices h, k, all the 3ti quantities P shall satisfy 

Pm>0 t = l, . . . . , 3n . . . . (18) 

Let us assume that this might actually be possible. Then, from equation 
(16), for each arbitrary excitation (for each value of the quantities 
Aj . . . . A^) we would have 

K?*}>{m»^»}, (19) 

* Here, naturally, the earlier assumptions regarding i^i, l^^ Zjj are no longer made. 

t Cf. Peddie, /.c, § 13. 

t Cf. Peddie, Z.c, §§ 2, 3, 13, 14. 
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and only in the case of rest (Ai = A^ .... =A3„ = 0) would both expres- 
sions be simultaneously zero. Let us use farther 



{'«»^»} (20) 

to denote the number average of the time average, taken over all molecules 
of the second kind. 

For molecules of such structure, if they could exist, equipartition for 
the momentoids J^n^ik would never occur, even with arbitrary collisions 
throughout. Equipartition would demand 

{^n^K}=={^^hK} (21) 

which, according to 19] cannot occur. 

To attain, free from contradiction, to adapecification of molecules of such 
structure, would, moreover, be to contradict a much more fundamental con- 
sequence of Boltzmann's theory, which says : Given a multitude of multiply- 
atomic molecules, of arbitrary structure, which obeys the law of distribution 
^-A.Energy^ cquipartitiou holds for every system of momentoids (Boltzmann, 
Oasth., b. ii. § 42). For the molecules here discussed there is no distri- 
bution which can permit of equipartition for the momentoids Jmf,^f,. 

§ 7. Having regard specially to this contradiction of one of the weightiest 
fundamental laws of Boltzmann*s theory, I would show in what follows 
that the 3n inequalities (18) can never be fulfilled simultaneously. If, by 
means of the substitutions (12), the kinetic energy 

3n 

T=i2"'*^* (22) 

1 

be transformed to the form 

T = i2x! (23) 

1 

the quantities a^f must satisfy the following orthogonal conditions, 

in 

y\'m^a\i=l t=l, . . . . ,3n . (24) 

1 

and 

^mf,a^,^^=0 i+J; -.}« =1 ,...., 3m . . (25) 

But, from (24) and (25) it follows that * 

Sn 

^a\i = l ;a=1, . . . . ,3n . . (26) 



Sn 
1 

and 



9n , 

h 



♦ To see this readily, one introduces new qjoajitities jhi=^^mjflhu 
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Equations (26) give (see eq. 16) the relation 

^^'h.-0 (28) 

1 

for each pair of indices h, k. Therefore the 3ti inequalities (18) can never he 
satisfied simultaneously ^ and the system postulated in § 6 cannot exist 

We remark further, that the conclusion of this paragraph, and also 
equation (28), are independent of the frequencies 2>< being different from 
each other, or some of them being equal. 

§ 8. Equations (28) and (16) show farther: If equipartition exists for 
the momentoids X^, . . . . Xs^, and all the frequencies Pi are different 
from each other, equipartition also holds for the momentoids Jm^^h, 

For if 

{X2}-{Xy= .... ={XSn}, . . . (29) 

i,e. if 

P\A^,=P\A\= .... ^p^^A^n, . . . (30) 

equations (16) and (28) give 

The case in which not all the Pi are different from each other requires some 
•complementary presumptions. Take, e.gf., Pi=P2' Then the relation (14) 
no longer suits for i = 1, j = 2. We have instead 

{XiX2} = AiA2Cos<^i2 (32) 

where </> is the phase-difference between the two fundamental oscillations 
Xj, Xg, which remains constant during the free motion. In order to arrive 
at equation (16) again, we make the farther assumption regarding the 
distribution, that 

Aj Ag cos <^i2 == ..... (33) 

It is always fulfilled if the distribution referred to allows contrary phase 
differences to occur, with equal frequency, in the various molecules. But 
assumption (33), together with (29), then leads to equation (31) in the case 
of partly equal frequencies also. Consequently it is possible to ci^rrange 
equipartition for every structv/re of the vibrating inoleculeSy between every 
set of momentoids, 

§ 9. The above discussion is intentionally confined to the two definite 
questions which were formulated in the introduction ; for my intention in 
this connection was merely to refer to the restricting remarks which 
Boltzmann himself made on the H-theorem. On this account the remaining 
questions and objections which have recently been formulated in reference 
to the equipartition law can be left aside in the meantime. 

{Isimed separately August 28, 1907.) 
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XXI.— Preliininary Note on the Internal Structure of Sigillaria 
mamillaris, Brongniart, and Sigillaria scutellata, Brongniart. 
By R Kidston, F.R.S. L. & E., F.G.S., Foreign Mem, KaiserL 
Mineral, OeseU. zn St Peteratnvrg, 

(MS. received July 2, 1907. Read July 16, 1907.) 

A FEW months ago I received from Mr G. H. Knott three specimens of 
Sigillaria from the Halifax Hard Bed of Yorkshire having the structure 
of their steles and outer cortex well preserved. 

In two of these specimens the coal-ball containing the fossils so split 
that the outer surface of the cortex became exposed, exhibiting the leaf 
scars in a fine state of preservation, from which a specific identification of 
the two plants was easily made. 

One of these was Sigillaria mamillaris, Brongt., and the other Sigillaria 
scutellata, Brongt. The third specimen from the structure of the stele is 
seen also to belong to Sigillaria marrvUlariSy Brongt. 

Both these species belong to the Rhytidolepia, or ribbed section of the 
genus Sigillaria, of which group the internal structure was hitherto only 
known of Sigillaria elongata, Brongt.,* and Sigillaria elegana, Brongt. t 

Sigillaria mamillaris, Brongniart. 

The stele of the specimen showing the outer cortex from which the 
specific identification was made has suffered from lateral pressure. The 
continuous xylem ring is fractured and the separated portions somewhat 
displaced. In certain parts of the stele an original tare in the specimen 
has separated the centripetal from the centrifugal xylem, but in other 
portions they are still in organic union. The xylem ring is 4 mm. wide, of 
which the primary xylem occupies about 1*50 mm. (fig. 1). 

The primary xylem consists of a continuous band whose outer margin 
is distinctly crenulated, the crenulations having slightly flattened apices. 
These apices consist of the small protoxylem elements which are arranged 
at their widest part in three or four rows, the smallest tracheids being outer- 

* Bertrand, Annals of Botany, vol. xiii., 1899, p. 607. 

t Kidston, Trans. Roy, Soc, Edin., vol. xli., p. 533, 1905, Pis. i.-iii. 
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most. These are succeeded inwards by large tracheids, which have a tendency 
to arrange themselves in irregular rows (fig. 1). 

The secondary xylem consists of regular rows of tracbeids of smaller 
size than those of the primary xylem, but they increase in size from within 
outwards, though they never attain to the dimensions of those of the 
primary wood. Passing out through the secondary xylem are the 
medullary rays. 

If the structure of the primary wood of Sigillaria mamiUaria be com- 
pared with that of Sigillaria elegant, their great similarity is very striking. 
I'he only point in the primary xylem by which the two species could be 
separated is the protoxylem groups, which in Sigillaria mamiUa/ris contain 



FlO. 1. — Slgiilaria mamillarii, Brongt. Portion of primary xjlem. a, protaijlam groupa. x 80. 

fewer elements and do not form such prominent projections as in Sigillaria 
degana. Notwithstanding this great similarity of internal organisation in 
these two plants, the external form and arrangement of the leaf scars 
precludes the possibility of regarding them as having close specific 
relationship. 

In the other example which I refer to SigiUaria ■mamHUtria, hoi, of 
which the outer surface was not seen, the matrix surrounding the specimen 
shows several transverse sections of Sigillarian leaves, some of which show 
a single vascular strand, whilst others mixed with them show the double 
strand, and are, in fact, the SigiUariopais of Renault*; but it will be seen 

* Renault, "Structure compar<ie de quelquu tiges de Is flore carbonifbre," Nouv. 
Ardtivei dn Jlfiue'um, vol, ii., 2» s^r., p. 270, PI. lii. figa. 16-19 (Stgillanopiit DecaiiHM) ; 
PI. liii. fig*. 1-4 iSigillarioptit, Bp.), 1879. See aieo Renault, Brurm howxL «( ptrm. ^Avtun 
et d'Spinac, Flore foES., faiic. iv., deux, part, 1896, p. 24C ; Roche, "Biograpbie de Bentard 
Renault, avec extrait de ana noticeB scienlifiques," M^. Soc. if hid. not. iAvtvn, vol, xviii, 
1905, PI. ii. figs. 11-15. 
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when describing the next species that these e&n only be regarded as the 
leaves of Sigillaria, 

SiGILLABIA 8CUTELLATA, BrOQgniart. 

The specimen of this species is more perfect than that of Sigillaria 
inam.iUa7n8, the complete cylinder of the cortex being preserved, and the 
vascular axis, though compressed, remaining unbroken. 



Fio. 2. — Sigillaria tcuttUtOa, Brongt. Portion of xyleui ring, a, protozjiem of prinuiT; 
xyleni b, Becondac; lylem c x 90. 

The stem has a circumference of 15'50 cm., and contains twenty-two ribs, 
but the stele has only a circumference of about 2 cm. This specimen brings 
out very prominently the small size of the vascular axis when compared with 
the circumference of the stem. The same characteristic has been already 
observed in Sigillaria elegatis and in the Lepidodendracem. 

The closed ring of xylem in SigiUaria scutellata has only attained 
a width of about 0*90 cm., of which the primary xylem forms rather less 
than half. 

The outer margin of the primary xylem is very feebly crenulated, and 
in some places it is difficult to separate the various groups of protoxylem 
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elements and to refer them to a separate wedge of xylem, a point so easy 
to determine in the other described SagiUarice. The protoxylem elements 
are small and few in number (fig. 2, a\ but the tracheids of the centrapetal 
xylem are large and irregularly placed, with little or no tendency to become 
arranged in lines (fig. 2, 6). 

The tracheids of the secondary xylem are smaller, though they 
gradually increase in size from within outwards, and are arranged in 
definite rows with their associated medullary rays (fig 2, c). 

The occasional absence of a prominent crenulate margin to the primary 
xylem connects this type of stele structure with those of the Lepido- 
dendrecB which do not possess a coroTia. 

Scattered throughout the matrix are several transverse sections of 
leaves which sometimes show the double vascular trace of SifjiUariopais. 
In both the specimens described here, some leaves with a single, and some 
with a double, vascular strand occur, and it is almost impossible to doubt 
that these leaves belong to the Sigillarian stems which accompany them. 
On the presence of a double vascular strand in the leaves, Renault founded 
his genus SigiUa/riopaia, but it is evident that this genus can no longer be 
regarded as distinct from SigiUaria, seeing that SigiUaria acuteUata, with 
which they occur — and, I doubt not in this case, is the plant to which they 
belong — is the type of the genus Sigillaria, Brongniart. 

The other characters of the genus Sigillariopaia are similar to those of 
the Clathrate SigillaricBy to which group Renault's type specimen belongs. 

When, therefore, it is seen that both the Clathrate and ribbed SigiUarice 
possess leaves with the structure of Sigillariopaia, the latter genus loses 
all individuality. It must be remembered that the leaf strand is not 
double throughout the whole of its course, and that only certain sections will 
show this character. 

My thanks are due to Mr G. H. Knott for his kindness in placing these 
interesting specimens in my hands for description. 



{Issued separately August 28, 1907.) 
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XXII.— Note on a New Species of Lepidodendron firom Pettycur 
(Lepidodendron Pettycurense). By R. Kidston, F.Pt.S. L. & E., 
F.G.S., Foreign Mem. KaiaerL Mineral, Oeaell. zn St Petersburg, 

(MS. received July 2, 1907. Read July 15, 1907.) 

Among the undescribed species of plants occurring in the well-known 
material of Calciferous sandstone age found near Pettycur, Fife, is an 
interesting specimen belonging to the older type of Lepidodendroid structure 
which has a solid primary xylem. 

Only two examples of this species are known to me; the larger, of 
which a portion is shown in the text figure, has a central stele 110 cm. by 
0*90 cm. in diameter, and of this the solid primary xylem is 0*25 cm. by 
0*15 cm. in siz3. 

The slightly elliptical form of the axis is due to lateral pressure, as 
seen by the bands of flattened tracheids which occur in the primary 
xylem. 

The axis of the smaller example is about 2*50 mm. by 2 mm. in diameter, 
of which the primary xylem is 1 mm. by 0*50 mm., but this specimen has 
also suffered from pressure. 

Returning to the specimen shown in the figure, as seen in transverse 
section, the primary xylem consists of a solid maes of tracheids, irregularly 
placed and varying in size, but the smaller tracheids are mixed with the 
larger without any order (a). 

When close to the periphery of the primary xylem the tracheids become 
smaller and are surroimded by the protoxylem elements (a'), which form a 
narrow band, limiting the centripetal xylem, whose margin is smooth 
without the slightest trace of a corona. 

The secondary or centrifugal xylem is formed of regular rows of 
tracheids which radiate outwards (6). Those next the protoxylem are of 
smaller size, but they increase regularly in diameter as they are traced 
outwards, until they equal or even exceed in size the largest tracheids of 
the primary xylem. 

In longitudinal section the protoxylem elements and primary tracheids 
are very regular in their course, and bear scalarif orm tliickenings. The 
tracheids of the secondary xylem which abut on the primary xylem are 
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alightly flexnous, but those immediately outside of them are very regular. 
They also show scalariform thickening. 



The leaf trace, as seen in transverse section in its passage through the 
secondary xylem, consists of a small oval mass of uarrow tracheids, of 
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which a few are larger than the others, but these do not seem to hold a very 
definite position in the bundle. 

Lepidodend/ron Pettycv/rense belongs to that section of Lepidodendron 
which possesses a solid stele, and which includes the culm species Lepido- 
dend/ron rfiodurriTiense, Renault, and Lepidodendron saaZfeldenae, Solms, 
though in neither of these has any secondary xylem been observed. 



{Issued separately September 9, 1907.) 
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XXin. — On the Application of a Differential Densimeter to the 
Study of some Mediterranean Waters. By John J. Manley, 
M.A., Daubeny Curator, Magdalen College, Oxford. Communicated 
by Sir John Murray, K.C.B. With an Appendix. 

(MS. received June 6, 1907. Read June 24, 1907.) 

From time to time various methods have been employed for the exam- 
ination of samples of sea-water. Of these, the four which have been 
received most favourably by oceanographers are : — 

(1) Estimation of the total combined chlorine per unit volume of water. 

(2) Determination of the relative density. 

(3) Measurement of the refractive index. 

(4) Determination of the specific electric conductivity. 

By any one of these methods it is possible to estimate variations in the 
relative proportions of the saline ingredients of any two samples of sea- 
water. In this paper it is, however, desired to deal chiefly with the prac- 
tical application of the second of the methods enumerated above, to the 
study of some ninety samples of sea- water, collected during the outward 
and homeward bound voyages of the B.M.S. Oruba, under the supervision 
of Mr R. T. Gunther, in the months of July and October 1905. 



Hare's Apparatus. 

An apparatus which is usually ascribed to Hare, but by Professor A. 
Grey to James Watt, embodies the principle elaborated in the several 
forms of densimeter used in this research. 

Hare's apparatus may be described as a long-limbed inverted U-tube 
having a short side tube sealed into the uppermost portion of the bend ; 
to this side tube a suitable length of rubber tubing, which can be closed 
by means of a pinchcock, is attached ; the open ends of the U-tube dip 
into two glass cisterns. 

To measure the density of a given liquid, one cistern must be charged 
with distilled water, the other with the liquid ; by suction of the rubber 
tube, the Uquids are raised to convenient heights within the limbs of the 
apparatus, and the pinchcock is then closed. Finally, the vertical heights 
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of the two columns of liquid are measured. As the densities of the two 
liquids are inversely as the heights of the two columns, we have — 

j^ _ D 
H "" d' 

in which h and H are the respective heights of the columns of distilled 
water and liquid, and d and D their corresponding densities. 

In its primitive form, the apparatus suffers from several defects, and 
these render even an approximately accurate density -determination 
extremely difficult, if not an impossibility. We observe (1) that no attempt 
is made to keep the contents of the tubes at the same temperature. (2) 
The air enclosed in the upper part of the apparatus may, and generally 
does, vary in temperature during the course of measurement; any 
such variations cause the liquid columns to alter in height, thus leaving 
the observer in doubt as to their true values. (3) In order to measure the 
heights of the columns, readings must be taken (preferably by means of 
a telescope and vertical scale, the latter being set up between the two 
columns) for the surface of the liquid in each cistern, in addition to those 
for the meniscus in each tube, or four readings in all. H.ence, in addition 
to a certain inexactness, the method becomes quite laborious when a 
number of measurements are undertaken. (4) Finally, we note that the 
limbs of the apparatus are generally too short for accurate work. 



The Differential Densimeter. 

In order to minimise the several errors inherent in Hare's original 
apparatus, and also to reduce the labour of experimenting, some six or 
seven modifications were constructed and tested. After numerous experi- 
ments, four of these proved unsuitable, and were consequently rejected. In 
each of the rejected forms, an attempt was made to introduce some kind 
of constant-level overflow cistern, but without success. A form of appar- 
atus yielding values which were in close agreement with those obtained 
by means of pyknometers is shown in fig. 1. 

The apparatus consists of two glass tubes S, K, each having an internal 
diameter of about 3 mm. and a length of 1200 mm. ; these tubes, having 
obliquely perforated taps t, p, are sealed to the bulbs 6, 6 ; each bulb has 
a capacity of about 26 cc, and their upper ends are joined by an inverted 
U-tube into the bend of which a three-way tap T is sealed. One of the two 
free branches of this tap communicates with an exhausted copper globe E, 
having a capewjity of 4*2 litres ; the other communicates with a suitable 
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length of fine-bore thermometer tubing N. Finally, the open ends of the 
tubes enter the cisterns G, H, which are placed upon the supports P, R. 
These supports were made from two stout glass jars 8 cms. high ; their 
bases and mouths were ground plane and parallel, and their heights 
adjusted until they were nearly equal. The mouths of the jars were closed 
by glass plates cemented on with marine glue. The use of blocks of wood 
or metal would be liable to introduce errors, since the former might become 
more or less distorted, and the latter corroded, by the unavoidable contact 
with sea- water; glass is free from these objections, The supports P, R 
occupy marked positions upon a slab Q, of plate-glass, cemented to the 
upper surface of a well-formed brick, which may be levelled by means of 
the set screws shewn below. 

The two cisterns were cut from Elrlenmeyer flasks of Jena glass, having 
a capacity of 200 c.c. These were chosen on account of the ease with 
which two flasks having the same diameter, to within one or two tenths 
of a millimetre, may be obtained. 

The whole apparatus was secured to a stout and well-sea/Soned board 
of Kauri pine set up rigidly. A window, W, 10 cms. high, was cut in the 
board, and this had its centre approximately 110 cms. above the glass 
plate Q. Immediately behind and just below the window, a wooden 
bracket covered with plate-glass was fastened ; this was used for support- 
ing a travelling microscope M, to which a vertical movement could be 
imparted by a micrometer screw X, capable of indicating '001 mm. The 
carriage of the microscope rested upon, and was cemented to, a glass plate 
as recommended by Quincke. 

In order to secure imiformity of temperature for corresponding points, 
the tubes throughout their entire lengths were brought close together. For 
some experiments they were wrapped in cotton-wool, whilst for others 
they were left uncovered ; but the best plan was found to be that in which 
the tubes are jacketed with water, the jacket itself being surrounded with 
a wooden cover (fig. 2). 

The error due to any changes in the temperature of the air enclosed 
in the upper part of the apparatus is eliminated by the introduction of 
the taps tj p, which are simultaneously closed immediately before observa- 
tions of the heights of the water columns are commenced. 

The accuracy of the method is largely increased by the use of columns 
of ample length, the heights of which are determined with the micrometer. 

In measuring the lengths of the two columns of water, two only, instead 
of four readings, are required. This desirable simplification was secured by 
the use of the conical cisterns above mentioned. The diameter of these at 
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their widest part was practically 7*4 cms. ; from this we find the corre- 
sponding cross-sectional areas to be 43 square centimetres. By trial it was 
found that 70 c.c. of water were sufficient to fully charge one of the tubes 
and also its cistern to a level coincident with its greatest diameter. Now 
let the cisterns be charged, the one with 70 cc. of distilled water and the 
other with an equal volume of sea- water ; further, let the density of the sea- 
water be so great that the total difference in the lengths of the two columns 
is equal to 50 mm. A difference so large as this would, with tubes having 
an internal diameter of 5 mm., be equal to a volume of 1 cc. ; this would 
cause the waters in the cisterns to deviate slightly from a common level ; 
and from the data given above it can be shown that the deviation would 
be 0*2 mm. ; hence, to obtain the true value of the density, it would be 
necessary to allow for this. As, however, the instrument is chiefly intended 
to be used differentially, a standard sea- water of known density taking 
the place of the distilled water, the differences in the heights of the water 
columns will generally be quite small, and need never exceed 5 mm. The 
latter value would reduce the correction from 0*2 mm. to 0*02 mm., and this 
would only affect the density determination by 2 in the fifth decimal place. 
So small an error may be safely neglected. 

After the apparatus had been set up, it was cleaned by successively 
charging the tubes with fuming nitric acid, distilled water, strong alcoholic 
solution of potash, and, lastly, with distilled water : each liquid was kept 
in the tube for a considerable time. It is believed that the glass was thus 
very thoroughly freed from foreign matter. 

The tubes having thus been cleaned, one of the cisterns was charged 
with 70 cc. of water, some of which was then drawn up into the attached 
tube and adjusted by trial until the column of water was 1000 mm. long, 
as determined by a cathetometer. The cross threads of the microscope M 
were then made to coincide with the meniscus, and a reading taken. In 
this way it was discovered that the micrometer reading corresponding 
to a column of water 1000 mm. long was 42*00 mm., this being the mean 
of a number of determinations. In order to ascertain the length of a 
column of water at any other time, it is only necessary to determine how 
much it differs from this standard reading. 

Determination of the Density of a Standard Sea- Water. 

In order to measure the density of a water which is subsequently to 
be accepted as a standard, the following method of procedure was adopted. 
The cisterns were placed in their normal positions and charged, the 
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one with 70 c.c, of distilled water, and the other with an equal volume of 
the sea-water. By means of the tap T, communication is then established 
between the globe E and the tubes S, K. As soon as the waters have 
been raised within the tubes to a point somewhat above that desired, 
T is turned so as to allow air to enter the apparatus through the tube N ; 
when the length of the column of distilled water is approximately equal 
to 1000 mm., T is closed and the apparatus left undisturbed for four or 
five minutea After this the taps t, p, are simultaneously closed, and the 
height of each column of water measured with the micrometer. 

With the view of acquiring confirmatory evidence, a second determina- 
tion was effected as follows. The taps t, p, were first opened, and then 
air was admitted through N by turning T ; when the water columns had 
suffered a depression of from 1 to 3 mm., T was closed ; the tubes having 
been allowed to drain for about a minute, t, p, were also closed, and the 
new heights of the columns observed as before. Proceeding in this way, 
a series of three or four sets of readings was obtained. 

At the conclusion of the first series, the lengths of the two water 
columns were increased to approximately their former values by suitably 
turning T ; after this, a new series of observations was undertaken in 
precisely the same manner as that just described. 

If we may assume that the water surfaces in the two cisterns are 
strictly equidistant from the cross threads of the micrometer, we possess 
all the necessary data for calculating the density of the sea-water. In 
practice it is somewhat difficult to adjust the apparatus so that this 
assumption may be sufficiently true. To overcome this defect, and at 
the same time to eliminate other slight incidental errors, the two waters 
were interchanged, sea-water filling the tube which formerly contained 
distilled water. New readings were then made, from which independent 
values for the density of the water were calculated. The final mean of 
all the series should be the true value of the density sought. 

It may be observed that this method of using the densimeter is 
analogous to that of reversed weighing introduced by Qauss. 

The data given in Table I. will serve to illustrate the preceding 
remarks. 



[Table 
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Tabls I. — DsNsiTT OF A Watkr bt thx Method of Rbvirsal. 



Series. 



I. 



II. 



After inter- 
changing 
waters. 

III. 



IV. 



Set of 


Obsers. 


No. 


1. 


II 


2. 


It 


3 


II 


4. 


II 


5. 


II 


6. 



II 7. 
II 8. 



M 



9. 



II 10. 
II 11. 
II 12. 



Micrometer Readings. 



Tube S. 

Distilled Water. 
Height =H. 



1320*16 mm. 
17-66 II 
13-84 M 

1315-81 II 
14-79 II 
13-83 II 



Sea-Water. 
Height =^. 

1283-79 mm. 
80-52 II 
78-82 11 

1284-01 II 
81-46 II 
76-51 II 



TubeK. 

Sea-Water. 
Height = A. 



1283-18 mm. 
80-87 II 
77-11 



II 



1278-87 II 
77-92 11 
77-06 



II 



Distilled Water. 
Height =H. 



1318-90 mm. 
15-68 
13-94 



II 



II 



1319-20 II 
16-64 II 
11-55 II 



Difference. 


Relative Density. 
A=H/^ 


-36-98 mm. 
-36-79 M 
-36-73 II 

-36-94 II 
-36-87 II 
-36-77 II 


1-0288 

7 
8 

9 
9 

8 



Mean = 



35-1 1mm. 
35-16 II 
36-12 



II 



35-19 II 
35-18 II 
35-04 II 




Mean= 

Mean of means = 

By pyknometer Aig = 

Diff. = 



1-0274 

10281 

10279 

•0002 



The results tabulated above were among the first obtained with this 
particular form of the densimeter. With a fuller knowledge of the in- 
strument, it was found possible to increase the standard of accuracy 
considerably, the means of the density values as determined by the densi- 
meter and pyknometer differing by not more than =t: '00005, or 1 in 20,000 
(vide infra). 

Now, although the density of a sea- water may thus be measured with a 
high degree of accuracy, it is quite obvious that the method is both slow 
and irksome — not only because some 60 or 70 revolutions must be imparted 
to the micrometer screw during each set of observations, but also because 
of the time required for reversing the waters in the cisterns and tubes. 
Hence, for routine work, the ordinary process of using the instrument should 
be discarded for the method of differences, as set forth in the next section. 
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The Densimeter used Differentially. 

Before the instrument can be used differentially, its error must be 
determined. This may be done by introducing into each cistern 70 c.c. of 
any given sea- water, and charging the tubes; the lengths of the water 
columns are then adjusted, and micrometer readings taken as already de- 
scribed. If, now, the two cisterns have the same form and capacity, and 
rest upon the same horizontal plane, and if, also, the two tubes are of the 
same diameter, then the micrometer readings for both tubes will be 
identical. In practice, the readings will differ somewhat, because it is so 
difficult to attain to strict equality. We therefore content ourselves by 
approximating to the ideal conditions, and then determine any difference 
as outlined above, and allow for it subsequently. 

We are now in a position to measure the density of a water by the 
differential method. A sea-water is selected, and its density determined 
by the method of reversal (page 216) ; this water then becomes the standard 
with which others may be compared. The cisterns are then charged, the 
one with the normal volume of the standard water, and the other with an 
equal volume of the water to be examined. After observing the usual 
preliminaries, micrometer readings are taken, and from these the difference 
in the lengths of the two water columns is found, due allowance being at 
the same time made for the densimeter error ; finally, the density of the 
water is calculated. 

The following examples will, it is hoped, make this clear : — 

Table II. — Determination of Densimeter Error. 
70 C.C. of the same sea- water in each cistern. 



] 


Micrometer Readings. 


Diff. for 
TubeK. 


Exper. 


Standard 
Tube S. 


Comparison 
Tube K. 


1. 
2. 
3. 

1 4. 

I ^ 


42-96 mm. 
39-95 II 
36-92 .1 
33-78 II 
30-85 II 
27-86 II ' 


43*14 mm. 
40-14 II 
37-13 n 
33-98 11 
31-04 M 
28-06 M 

Mean= 


+0-19 mm. 

+ -19 M 
+ -21 M 

+ -20 M 
+ -19 M 
+ -20 II 


1 


+ •20 mm. 
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Table III.— To illustrate the Method op Determiiting the Density of a Water, R. 

Density, Ajg, of standard sea- water ^ := 1-02922. 



Exper. 


Microm. Readings. 


Height of 
Column =H. 


Microm. Readings. 


Height of 

Column 

(corrected) =fc. 


Density 
= H/;i 

XA,8. 


Diflf. 
from 
Mean. 


Water y 'ti 
Tubes. 


Water R in 
TubeK. 


1. 
2. 
3. 


42-80 mm. 
39-80 II 
36-87 .1 


1000-80 mm. 
997-80 II 
994-87 II 


44-32 mm. 
41-25 II 
38-35 II 


1002-12 mm. 
999-05 II 
996-15 II 


1-02786 
93 
90 


-•00004 
+ 3 
± 


Means 
By pyknometer Ai8 = 


: 1-027901 
: 1-02797 


7 



In general practice, a simplified method of calculating the density from 
the data may be adopted. For, if the difference between the lengths of the 
two columns of water does not exceed 2 or 3 mm., on adding it to, or 
subtracting it from, the density value of the standard water, according as 
the water under examination has a greater or less density than the other, 
we at once obtain a very close approximation to the value of the density 
sought. In other words, when the densities of the two waters are nearly 
the same, the difference in the lengths of the columns is practically equal 
to the difference in their respective densities. We may here observe that 
a difference of 1 mm. in the micrometer reading indicates a change of "001 
in the value for the density. 

By applying this method to the data obtained for the water described 
in Table III., we obtain the results shown in Table IV. 



Table IV. — Example illustrating the Differential Method. 
Density of standard water ^ = 1*02922 at IS'^C. 



xper. 



1. 



2. 



3. 



Water X in 
Tubes. 



Water R in 
TubeK. 



42*80 mm.l 44-32 mm. 



39-80 



II 



36-87 II 



41-25 II 



38-35 



II 



Apparent 
Difference. 


+ 1-52 mm. 
+ 1-46 II 
+ 1-48 II 

1 



Error for 
TubeK. 



+0-20 mm, 



II 



II 



Corrected 
Diflference. 



+ 1-32 mm. 
+ 1-25 II 
+ 1-28 II 



Density Found. 



1-02790 (1-02922 - -00132) 
7 ( 11 -00125) 

4 ( 11 -00128) 



1-02794 
By pyknometer = 1-02797 



Diflf. = -00003 
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If we compare the values set forth in Tables III. and IV., it will be at 
once apparent that the simpler method of calculating the density yields 
results which, in point of accuracy, are probably amply sufficient to meet 
the demands made by oceanographers. All the values for Ai^c. given in 
Tables V. and VI. were calculated by this method. 

In Table V. are given the densities of thirty samples of sea- water as 
determined with the aid of the densimeter having the form described 
above ; side by side with these, the corresponding pyknometer values 
are also noted. 



Table V. — Densities, etc., of Waters collected between 
Cape St Vincent and Cape Palos, July 1905. 



1 


Aw by 

the 
pykno- 
meter. 


Aw by 

the 
densi- 
meter. 


Differ- 
ence. 


Grams 

of CI 

per litre. 


4th July. 

1 


Position of Ship. 


5zi 
1. 












• 


10276 


10276 


±-0000 


20-651 


5 p.m. 1 




2. 


7 


7 


± 


•651 


6 M 




3. 


8 


7 


1 


-756 


7 .. 




4. 


9 


6 


3 


•686 


8 ft 




5. 


8 


8 


i 


•756 


9 .. 




6. 


9 


8 


1 


-756 


10 M 




7. 


8 


8 


± 


•756 


11 II 




8. 


7 


4 


3 


•615 


Midnight. 
5th July. 


Off Trafalgar. 


9. 


7 


6 


1 


•616 


1 a.m. 




10. 


8 


6 


2 


•721 


2 M 


Off Tarifa Pt., 6th July, 4.42 a.m.' 


11. 


9 


7 


2 


-721 


3 fi 




12. 
13. 


9 
10286 


7 
1-0285 


2 
± 


-721 
21-215 


4 M 

11 II 


. Off Camero Light, 5.27 a.m. 


14. 


4 


3 


1 


-144 


Noon. 




16. 


1-0279 


1-0278 


1 


20-792 


1 p.m. 




16. 


9 


9 


± 


•792 


2 .. 




17. 


8 


7 


1 


•756 


3 .1 




18. 


1-0282 


1-0280 


2 


-968 


4 M 




19. 


2 


2 


± 


21-004 


5 M 




20. 


7 


Omitted. 


• • ■ 


•604 


6 M 




21. 


9 


1-0286 


3 


-533 


7 1. 


1 


22. 


9 


8 


1 


-533 


8 M 




23. 


9 


9 


=fc 


•533 


9 1. 




24. 


1-0299 


1-0298 


1 


22^310 


10 M 




25. 


93 


93 


=•= 


21^780 


11 1. 




26. 


92 


89 


3 


-674 


Midnight. 
6th July 




27. 


91 


91 


± 


-674 


1 a.m. 




28. 


1-0309 


1-0307 


2 


22-857 


2 II 




29. 


1-0317 


Omitted. 


• ■ • 


23-686 


3 11 




30. 


9 


Mean diff. 


• • • 


-686 


4 II 


Off Cape Palos, 6th July, 4 a.m. 


= --0001 
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On the Occasional Abnormal Behaviour of the Densimeter. 

After the apparatus had been in use for some time, the density values, 
when compared with those derived from pyknometer measurements, became 
incorrect. The discrepancies, though small at first, would frequently in- 
crease quite suddenly and cause a maximum difference of about ±'002 in 
the density value. Numerous experiments proved that this error could 
not be due to any defect in the design of the instrument, but was the 
result of some change in the condition of the interior surface of one or both 
of the glass tubes. A certain oily appearance could sometimes be detected. 
At first it was thought that the cause might be some growth, similar to 
that which has been observed by Dr Veley in burettes which have been 
in use for some time. This theory received some support from the fact 
that the densimeter gave perfectly normal values after it had been re- 
cleaned. The improvement was not, however, maintained by allowing any 
air that passed into the apparatus to filter through cotton- wool ; we may 
therefore safely conclude that the abnormal condition of the tubes was 
not due to a growth of bacteria introduced from this source. Further, the 
tubes occasionally assumed a decided oiliness after they had been cleaned, 
so rapidly as to suggest that the trouble was due not to any organic 
growth, but to some volatile constituent of the vaseline used for lubri- 
cating the taps.* 

With the object of verifying this, all vaseline was removed, the appar- 
atus cleaned as already described, and finally steamed out. In some 
experiments honey, and in others glycerine, was employed as a lubricant ; 
these, as a rule, produced a decided improvement, but sooner or later the 
glass tubes again became affected. The last possibility was that the oiliness 
might be due to some volatile emanation from the black vulcanised rubber 
connections at the top. This possibility was put to the following test. 
A flask was made chemically clean by treating it with a mixture of ethyl- 
alcohol and fuming nitric acid, and repeatedly rinsing with distilled water ; 
it was then partly filled with distilled water ; whenever the flask was shaken, 
the water wetted the upper parts and then drained in a perfectly normal 
manner. A short length of the rubber tubing was now introduced ; a very 



* Mr Qunther sugcested that bacteria were already present in the waters. This, how- 
^Ty appears improbaole ; for it was found that, after the india-rubber tubes had been 
purified and the use of vaseline discarded, another portion of the water with which the 



tubes were charged when much trouble had been experienced, could be kept in the appar- 
atus for three or four weeks without producing any ill effects ; micrometer readings taken 
at various times during that period were always normal. 

It may also be added that, although the author has examined many hundreds of samples 
of sea-water, he has never observed the development of any similar oiliness within the 
containing bottles. 
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marked oiliness developed inside the flask almost immediately. Hence the 
rubber tubing was obviously the chief cause of the abnormal condition of 
the instrument. 

The rubber tube connections were now removed and treated with 
moist chlorine gas, then boiled with potash solution to which a little 
hydrogen peroxide had been added, and finally soaked for some hours in 
water, dried without heating, and replaced in their former positions. The 
densimeter then behaved quite normally for a considerable period, and then 
became a little unsatisfactory ; but after re-treating the rubber tubes no 
further trouble was experienced. 

It was found that the rubber tubes might be freed from the volatile 
matter by boiling them with potash and hydrogen peroxide alone, or even 
by soaking them for some weeks in distilled water. Experiments were 
also made with grey rubber pressure tubing; these showed that such 
tubing might be safely used without subjecting it to treatment. 

These observations are also of importance in connection with various 
forms of apparatus used for gas analysis. 

Portable Form of Densimeter. 

The densimeter already described is well adapted for laboratory use, 
but for work on board ship certain modifications are desirable. 

The somewhat rough usage to which the instrument would be exposed 
at sea might lead to injury. Again, the arrangement of the cisterns leaves 
something to be desired in the matter of convenience, though nothing in 
point of accuracy. Chiefly for these reasons a new apparatus, having the 
form indicated in fig. 2, was constructed. 

In this instrument the long gla;SS tubes are not fused to the headpiece, 
but are attached by means of grey pressure tubing. The portions of the 
tubes above the taps t, p, have an internal diameter of 5 mm., and their 
ends are bent a little outwards, so as to enable an observer to scrub the 
interior of the wider portions of the tubes with a small brush. Below t, p, 
the tubes are quite narrow, the internal diameter being about 2 mm. only. 
The cisterns have the same size as those used in the other form of the 
apparatus, but side tubes are sealed into them at the lowest possible point, 
and these are joined to the vertical tubes by purified black rubber tubing. 

When in situ, the cisterns rest side by side upon one and the same levelled 
plate-glass shelf S. To prevent evaporation of the water, the mouths of the 
flasks are closed by loosely fitting glass stoppers with flat tops. 

This apparatus is both portable and convenient; it possesses the 
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requisite flexibility, and any damage it may suffer can be at once repaired 
by the substitution of a duplicate for the broken part. The cisterns can 
be emptied, rinsed, and drained quite easily without detaching them from 
the vertical tubes. 

In order that the instrument might be capable of rendering the fullest 
service on board ship, it would probably be necessary to suspend it in 
gimbals. The plane containing the knife-edges of the gimbals should be as 
near as may be convenient to the horizontal plane passing through the 
axis of the reading microscope. It would also be necessary to load the 
lowest extremity with, say, a moderately large block of lead. 

The instrument, having been calibrated in the manner previously de- 
scribed, was used to measure the densities of the remaining sixty samples 
of sea- water. 

In Table VI. are set forth the values obtained with (a) the pyknometer 
at 18° C, and (b) the densimeter, with their differences ; the corresponding 
amounts of combined chlorine per litre of water are also tabulated. 



Table VI. — Dei7sii)ies, etc., of Waters collected between MABSEUiLES and 

Cape Finistebbe, October 1905. 



2 No. of Water. 


Ai«by 

the 
pyfcQO- 
meter. 


Aigby 
the den- 
Hi meter. 


Differ- 
ences. 


Grams 

of CI 

per 

litre. 


Time. 


P. 
Eh 


Position of Ship. 


102919 


102914 


-•00005 


21^710 


• 

S r 8 a.m. 


62' 




32. 


10 


02 


8 


-639 


1 Noon 


I 64' 




33. 


45 


34 


11 


•921 


1" ^P-"^- 


63' 




34. 


1-03050 


1^03044 


6 


22663 


64' 




35. 
36. 


■02889 
•03133 


•02885 
•03123 


4 
10 


21-533 
23-333 


« V Midnig 
f 4 a.m. 


ht 64' 
63' 


6.44 a.m., 5 miles off C. Palos. 


37. 


•02873 


•02870 


3 


21-374 


^ 


8 .. 


70' 




38. 


821 


817 


4 


20-933 


o 


NOOT] 


L 63' 


( 1.41 p.m., 5^ miles off C. Gata. 
' 3.52 rr 9 If C.Sabinal. 


39. 


819 


809 


10 


•933 


CO 


4 p.m. 


66' 


40. 


800 


799 


1 


•792 


8 .1 


64' 




41. 


•02933 


930 


3 


21745 




. Midnig 


ht 63' 




42. 


•02821 


822 


+ 1 


20-968 


/ 4 a. 


m. 60' 


/ 5.35 a.m., 1 mile off C. Europa. 
\8.13 It off Camero Light. 


43. 


•02773 


774 


+ 1 


•615 




8.30 


. 64' 


44. 


73 


773 


± 


•580 




8.45 


.. 63' 




45. 


73 


766 


7 


•580 




9.0 


. 62' 




46. 


79 


Insuffici'ent water. 


•580 




9.15 


.. 62' 

,^_ __ A 


9.21 a.m., 2 miles off Tarifa. 


47. 


72 


1-02775 


+ •00003 


•580 




9.30 


1 63' 


V^ • ^^ ^m V^S ^»^k^ ■ ■ ^^ ^fc^k^^b^^^M^ ^^ ^^ ^^ w^^ ^.^K«^9 


48. 


74 


79 


+ 6 


•615 


^ 


9.45 


. 66' 




49. 


72 


83 


+ 11 


•615 


^ { 10.0 


.r 67' 




50. 


73 


81 


+ 8 


•615 


5 


10.15 


. 66' 


/ 10.40 a.m., (35' 58' N. lat. 
\ course altered ( 5' 52' W. long. 


51. 


68 


72 


+ 4 


•615 


-f 


10.30 


. 66' 


52. 


67 


71 


+ 4 


•615 




10.45 


. 66' 




53. 


74 


77 


+ 3 


•615 




11.0 


. 67' 




54. 
55. 


70 
68 


75 
71 


+ 6 
+ 3 


•615 
•580 




11.15 
11.30 . 


. 66' 
f 66' 


11.24 a.m., off Trafalgar. 


56. 


72 


72 ' ± 

1 


•615 


1 11.45 


. 68' 
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1 

• 

57. 


Ai«by 

the 
pykno- 
meter. 


Aigby 
the den- 
simeter. 


Differ- 
ences. 


Grams 
of CI 

litre. 


Time. 


S Temp. 


Position of Ship. 




1-02770 


1-02769 


-•00001 


20-608 


/ Noon 




68, 


69 


772 


+ 3 


-580 




' 12.15 p.m. 


68** 






59. 


69 


774 


+ 5 


-580 




12.30 M 


68° 






60. 


66 


769 


+ 3 


•580 




12.45 .1 


68** 






61. 


70 


775 


+ 5 


•580 




1.0 ,. 


68'' 






62. 


73 


770 


3 


-651 




1.15 M 


68'' 






63. 


97 


794 


3 


-792 




1.30 r. 


68' 






64. 


68 


769 


+ 1 


-615 




1.45 M 


69' 






65. 


98 


792 


6 


•825 


2.0 .. 


69" 






66. 


97 


802 


+ 5 


•825 


-S 2.15 M 


70** 






67. 


1-02802 


797 


5 


•825 


^( 2.30 M 


70** 






68. 


06 


803 


3 


-862 


^1 


2.45 M 


70° 


/ 36° 20' N. lat. 
1 7° 5' W. long. 




69. 


02 


795 


7 


•825 


•^ 


3.0 M 


71° 


1 


70. 


06 


797 


9 


-862 




4.0 .• 


72° 


^ \j 




71. 


07 


801 


6 


•862 1 


5.0 .• 


71° 






72. 


1-02792 


793 


+ 1 


•756 




6.0 rr 


68° 






73. 


80 


772 


8 


-668 




7.0 ., 


66° 






74. 


93 


787 


6 


-756 




8.0 M 


66° 






75. 


67 


761 


6 


•545 




9.0 .. 


62° 


(3 miles S. of Sagres (C. 
\ Vincent). 


St. 


76. 


48 


747 


1 


-439 




10.0 M 


59° 




77. 


53 


750 


3 


-545 




11.0 .1 


60° 






78. 


64 


750 


4 


•456 


^ Midnight 


62° 






79. 


60 


760 


± 


-545 


/ 1.0 a.m. 


63° 






80. 


54 


751 


3 


•474 




2.0 .. 


62° 






81. 


58 


753 


5 


-509 




3.0 M 


62'' 






82. 


47 


738 


9 


-439 




4.0 .1 


59° 






83. 


56 


749 


6 


-474 


• 


5.0 .1 


58*' 






84. 


57 


755 


2 


•509 


O J 6.0 M 
^> 7.0 M 


61° 






86. 


43 


732 


11 


•403 


59** 






86. 


44 


734 


10 


-439 


•4^ 


8.0 u 


60° 






87. 


48 


741 


7 


-439 




9.0 M 


62° 






88. 


52 


749 


3 


-474 




10.0 .1 


62° 






89. 


1-0281/7 


798 


9 


•862 




11.0 M 


63° 






90. 


1-02742 


729 


13 


•403 


^ Noon 


62° 







On the Effect of Variations in Temperature. 

(a) Normal Ocean Waters. 

We have now to consider an important point, namely, the effect of 
variations in the temperature of the two waters in the densimeter upon 
their relative density. 

To maintain tubes of more than 1 metre in length at some standard 
temperature is a matter of no little difficulty, and probably on account of 
this. Hare's apparatus has not been used more extensively. When, how- 
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ever, the instrument is used differentially, and the two waters are of 
almost the same salinity and density, this difficulty is obviated; their 
coefficients of expansion will be practically identical, and consequently the 
ratio of the two densities will remain almost the same for all ordinary 
changes of temperature. Therefore, if we so arrange the apparatus that 
any two adjacent points along the tubes may assume the same temperature, 
all the necessary requirements will be fulfilled. Further, the temperature 
of one pair of adjacent points may differ within fairly wide limits from 
that of any other pair, without appreciably affecting the values obtained. 
In support of these statements the following experimental evidence may 
be adduced. 

The relative densities of two sea- waters, marked Q^, O^, were determined 
by means of a pyknometer at the temperatures of 12°, 16°, and 20° C, 
and their ratios computed. The results obtained are set forth in 
Table VIL 



Table VII. — Showing Effects of Variations in Temperature upon 
THE Rblativb Densities of Normal Waters. 



Temperature. 


Ov 


V2« 


Batio 8/A 


12' C. 


8=1*02712 


A«1'02945 


0-99774 


16° C. 


ri 1-02684 


„ 1-02915 


6 


20° C. 


II 1-02661 


n 1-02889 


8 


CI per litre 


19-994 grms. 


21-734 grms. 





Thus, for a difference of each degree within the limits of the tempera- 
tures named, the change in the measured value of the density would not 
be greater than 1 in 200,000. We also observe that, should the temperature 
of the laboratory differ from any standard temperature by ±8° C, the 
value obtained for the density will still be true to within =t: '00005 ; in 
other words, for an extreme range of 16° C. above or below a given 
standard temperature the maximum error introduced from this source 
would amount to only =t: '0001. 

In his report upon the specific gravity of ocean water, Mr Buchanan 
drew attention to the fact that for all true ocean waters the densities vary 
within the extreme limits of 10278 and 10240.* The difference between 
these two extremes is nearly twice as great as that in the case of the 

* Cliallenger Reports, vol. i., part 2, p. 1. 
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two waters cited above ; from which it follows that for the greatest 
possible difference both in density and temperature, the maximum error 
introduced by neglecting the temperature correction (i '000006 per 1° C.) 
would be equal to ± '0002. It would, however, seldom happen that the 
two maximum differences would conspire to produce this effect ; and in 
such a case the observer could hardly fail to be aware of the fact, and 
would apply the necessary correction. 

(6) AbnoTTnal Ocean Waters. 

To investigate the effects produced by fluctuations in the temperature 
of a water which is either exceptionally rich or poor in chloride, supple- 
mental experiments were made. Five waters marked K^ ... Kg were 
chosen ; of these, two were diluted, two others were concentrated over 
a water-bath, whilst the fifth was kept in its natural condition. Their 
approximate chlorine values were respectively 10, 14, 20, 25, and 30 grms. 
per litre (the precise values are given in Table VIII.). The densities 
of all five waters were then determined at the temperatures of 10°, 20"", 
and 30° C. ; and in order to eliminate as far as possible slight incidental 
errors, all the measurements were made with the same pyknometer. In 
calculating densities, that of pure water at 4° C. was taken as unity. 

From the data thus obtained, the coefficient of expansion for each 
water within the above-named limits of temperature was found, and 
expressed in the form 

V, = Vo{l + a^ + /3^2}, . 

Vq being the volume at 10° C, and V^ the volume at t° C. above 10. 

The various values for the densities of the several waters, the corre- 
sponding values for the terms a and /S in the above formula, and the 
weights of chlorine per litre, are set forth below : — 



Table VIII.— Data prom which a and fi in the Expression Yt^Y^ {l+at+pfi] 

WERE Obtained. 



Water. 


^10- 


^20- 


^30- 


axl0«. 


/3xl08. 


Grms. 
01 per litre. 


1: 


1-01369 
•01948 

•02712 

•03369 
•04031 


101170 
•01743 

•02489 

•03132 

•03777 


1 •00889 
•01450 

•02187 

•02816 
•03450 


+ 134 
+ 163 

+ 179 

+ 193 
+ 212 


+ 600 
+ 466 

+ 390 

+ 380 
+ 343 


9-997 
14^322 

24-967 
29*991 
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Accepting the density of the natural water, E3, as a standard, and 
taking the differences between it and those of the other four waters, we 
can show what possible changes may be produced in the value for the 
relative density of an abnormal water, when the temperature is allowed 
to fluctuate within somewhat exceptionally large limits. By adopting this 
plan, and denoting the density of the water K3 at any temperature by p, 
and the density of any of the others at the same temperature by A, the 
results given in Table IX. are obtained. 

Table IX. — Showing Effects Produced upon the Relative Densities of 
Abnormal Waters bt Extreme Variations in Temperature. 





Differences between 


Deviations from A2o* 


Water. 












Pio and Aio- 


P30 and Aso- 


P30 and Aso* 


At 10" C. 


At 30" C. 


K, 


- -0135 


- •0132 


- -0130 


+ •0003 


-•0002 


K, 


-•0076 


-•0075 


-•0074 


+ 1 


1 


K4 


+ •0066 


+ •0064 


+ 0063 


+ 2 


1 


K* 


+ •0132 


+ •0129 


+ •0126 


+ 3 


3 



This table brings out very clearly the somewhat singular but important 
fact that, notwithstanding the considerable variations both in the tempera- 
ture and chlorine values of the several waters, the error introduced by 
determining a relative density by means of the differential densimeter 
would, even in the most extreme cases, have amounted to no more than 
zfc '0003 for a range of 10° C. on either side of the standard temperature 
of 20° C. 

By referring to the temperature coefficients in Table VIII., we may 
discern that the reason for the insignificance of these deviations, except 
in the case of the waters E^ and E5, is that the temperature coefficients 
are not greatly dissimilar ; hence any increase or decrease in the volume 
of the waters, consequent upon a change in temperature, will be nearly 
identical for all. 

The close similarity between the coefficients of expansion for the five 
waters is well shown by the curves given in fig. 3. The various 
volumes of the several waters are taken as ordinates and plotted against 
the corresponding temperatures as abscissae, the unit volume being in all 
cases taken at 10° C. For the sake of comparison, a similar curve for 
pure water has also been drawn. 
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It may be observed that the curvature of the graphs becomes less and 
less as we pass from pure water towards those waters which are richest 
in chloride. This suggests that for a highly concentrated sea- water the 
graph would approximate to a straight line ; that is to say, the term j8 in 
the expression for the temperature coefficient would become an almost 
negligible quantity. 

In conclusion, we would draw attention to an interesting connection 



V00600 



100400 



V00200 



1-00000 




-4 10 

30* 130 




220 



which appears to exist between the total chloride present and the tempera- 
ture coefficient of the solution. 

In fig. 4 the different chlorine values are taken as ordinates and 
plotted against the first term a of the temperature coefficients as abscisssd ; 
the resultant curve indicates that equal increments in the total chloride 
produce certain other equal increments in the magnitude of a. The author 
hopes that he may be able to investigate this relationship more fully in 
the near future. 
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Graphic Representation of the Results. 

Following the method adopted in the Chxdlenger Reports, the results 
obtained from the density measurements are set forth graphically in 
figs. 5a and 56. 

The author would venture to express the hope that the methods 
described and the data contained ii; this communication may prove 
helpful to those who are interested in the various problems connected 
with oceanography. 

I desire to express my best thanks not only to Mr R. T. Gtinther, who 
has given me so much valuable assistance, but also to the President and 
Fellows of Magdalen College for the continually increasing facilities 
which they offer for research work. 

I would also take this opportunity of expressing my high appreciation 
of the courtesy of Captain Plunket of the Oruba and of the Managers 
of the Orient Steam Navigation Company, who not only made the 
necessary arrangements for . collecting and packing the samples of water, 
but also delivered the same in London free of charge. Without their 
willing and generous co-operation this research would, in all probability, 
not have been attempted. 

Daubeny Laboratory, 
Magdalen Collsoe, 
Oxford. 



APPENDIX. 

Relative Density Determinations with Pyknometers. 

In order to test the degree of accuracy attainable by means of the 
various types of densimeter described, the relative densities of all the 
samples of water were first measured at IS"" C. in the usual manner ; and 
for this purpose five Sprengel pyknometers were employed. These were 
constructed from ordinary test-tubes, and proved highly satisfactory 
on account of the rapidity with which the charged instruments assumed 
the standard temperature of the bath in which they were placed. This 
was doubtless due to the thinness of their walls and to their low capa- 
cities, the latter ranging from 15 to 19 cc. A series of experiments showed 
that a charged pyknometer acquired the temperature of the bath so readily 
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that after five or six minutes' immersion it was practically impossible to 
detect any change in the volume of the contained water. 

The temperature of the water-bath was indicated by a Baudin thermo- 
meter graduated to tj^ of a degree Centigrade, and previously compared 
with a standard thermometer from Kew. The water-bath wa^s large, and 
was maintained at a uniform temperature throughout by a stirrer of the type 
devised by Griffiths for his re-determination of the mechanical equivalent 
of heat ; * this stirrer, driven by a small electro-motor, proved both con- 
venient and efficient. 

The method of procedure adopted for the determination of the relative 
densities of the waters has already been described in a former communica- 
tion ; t it may, however, be stated that all the weighings of any pyknometer 
and its contents were effected with the instrument placed first in one pan 
of the balance and then in the other, suitably adjusted counterpoises being 
employed, as first advocated by Regnault. The weighings were performed 
with a short-beam Bunge balance sensitive to j^ of a milligram, and a set 
of re-standardised weights. 

After the constants of the various pyknometers had been a^scertained, 
it was deemed advisable to test their accuracy by a determination of the 
relative density of some one sample of water with all five instruments ; 
and for this purpose the sample marked No. 30 wa^s chosen, because it 
contained the largest amount of chloride, and would therefore ensure the 
detection of any discrepancy that might exist, with a greater degree of 
certainty. 

The following are the results obtained : — 



Pyknometer. 


Approximate 
Capacity. 


a. 


15-92 C.C. 


A 


15-60 .1 


y- 


1619 II 


8. 


18-85 II 


€. 


19-64 M 




Mean = 



Relative 
Density Ajg. 



1-03188 
89 
85 
91 
87 

1-03188 



Difference from 
Mean Value. 



± -00000 
+ 1 

3 
+ 3 

1 



From the above it was inferred that the constants of the pyknometers 
were as nearly as possible correctly determined. 



♦ Phil. Trans,, vol. A, 1893, p. 435. 
t Proe, Roy. Soc, Edin., 1903, p. 366. 
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Estimation of the Total Chlorine, 

The amount of combined chlorine per litre of each sample was found 
by the usual method, in which a given volume of the water is titrated by 
standard silver nitrate, with potassium chromate as the indicator. 

The necessary measuring instruments consisted of a 10 c.c, pipette* 
furnished with a tap and fine point, and with fiducial marks above and 
below the bulb, and a 50 c.c. burette which could be read direct to 0*1 cc ; 
the burette was standardised at the Beichsanstalt, Charlottenburg, and the 
pipette subsequently compared with it. 

The silver nitrate was supplied by Messrs Johnston, Matthey & Com- 
pany, and was labelled " triple crystallised." The crystals were reduced to 
a powder and then dried in a water oven at a temperature of 95°-98° C. 
A standard solution was then prepared by weighing the salt direct, dis- 
solving in water, and diluting to an appropriate volume. This solution 
was then compared with (1) a ^ solution of highly purified sodium 
chloride, and (2) a standard sea- water received from Dr Nansen \ the latter 
standard had been used by me in connection with the analyses of waters 
brought home in 1904 by the Antarctic Expedition. The chlorine values 
obtained for the silver nitrate by these methods did not differ by more 
than 1 in 600, and their mean value was accepted as the true one. 

In making a determination of the combined chlorine, the water was 
first drawn into the burette direct from the bottle containing the sample ; 
about 9*7 cc. of it was then allowed to run into a porcelain dish and 
approximately titrated with the j^ silver nitrate solution ; the remaining 
portion was then delivered into the dish and the titration completed. By 
this method of procedure a very complete and uniform draining both of 
burette and pipette was in every case secured. 

The results obtained are set forth in Tables V. and VI. on pp. 219 
and 223. 

♦ For the continued loan of this pipette, I have to thank Dr Dickson. 



{lastied separately September 11, 1907.) 
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XXIV.— The Electric Oonductivity and Refracting Power of ninety 
sajnples of Sea- Water, and a comparison of these with the 
Salinity and Density. By E. G. Hill, B.A. Oxon, D.Sc. Dublin, 
Professor of Chefmiatry, Muir College^ Allahabad. Communicated 
by Sir John Murray, KC.B. 

(MS. received June 6, 1907. Read June 24, 1907.) 

There has been considerable discussion as to whether any physical 
constant of sea-water can be used to give an accurate measure of its total 
salinity, and from theoretical reasoning it would appear obvious that, in 
so complex a mixture, no physical constant can give an accurate measure of 
either the total amount of dissolved salts or of the chlorine present. In a 
paper communicated to this Society,* Mr J. J. Manley showed that the 
optical method for distinguishing between various samples was as delicate 
as the relative density method, but the ref ractometer used was expensive 
and not fitted for use on board ship. In a second paper f the same author 
compares the electric conductivities of a few samples of sea- water with the 
relative densities and the chlorine per litre. He comes to the conclusion 
that the conductivity bears no simple relation to either of these properties, 
and disagrees with Knudsen, J who considers that the conductivity of a 
water may be taken as a measure of its salinity. 

The present author gives, therefore, the measurements of the conductivity 
and deviation made by himself on ninety samples of water which were 
collected in the Mediterranean for Mr Manley ,§ and compares these with the 
values obtained by Mr Manley for the total chlorine and relative densities. 

The Water. — The samples of water were taken by a pipette from the 
bottles in which they had been collected. The water was part of the 
samples used by Mr Manley, and was used before he made the majority of 
his measurements. 

The Electrical CoNDUCTivrrr. The Wheatstone's Bridge. 

The bridge used consisted of a calibrated platinum-iridium wire about 
a metre long. This was highly insulated, and stretched by a heavy weight 
at one end. The ends of the bridge had a resistance equal to that of 21 
mm. of the bridge wire, and the total length of the bridge was 1047 mm. 

♦ Proc, Roy. Soc. Edin., Jan. 1900. t Proc. Ray. Soc. Edin., Nov. 1902. 

{ BericfUe der Kornmission zur vdesenschaftlichen UinXeTsuchung der ddrvUchen Fahrwasser 
(Copenhagen, 1900). § Proc. Roy. Soc. Edm., 1907, p. 210. 
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The slider was also highly insulated, and the index line could be read to 
one-fifth of a millimetre ; consecutive and independent readings agreed to 
half a millimetre. 

The Reaiatance Coils. — It wa^s found convenient to work with only 
one coil, and the coil selected as fitting the needs of the cell was one 
marked 400 ohms in a box of standard coils made by Groves. These had 
been recently standardised by Mr Manley, and the value of the coil used 
was 396224 legal ohms at 15° C. The temperature of the coils was kept as 
constant as possible by placing the box in a larger box, the space between 
the two being packed with a non-conducting material. The temperature 
varied, however, by several degrees, and the necessary corrections were 
made. The temperature coefficient of the coils was '00015 per ohm per 
degree. 

The Leads and Svritchboard. — The switchboard consisted of eight highly 
insulated mercury cups, and the connecting leads used for joining the coils 
with the bridge had a resistance of 0006 ohms, while the leads to the cell 
had a resistance of 00669 ohms. The variation in the temperature of the 
room would not affect the resistance of these leads within the limits of 
experimental error. 

The Current and Telephone, — The current was derived from a single 
large bichromate cell, and the alternating current from a small Kohler's 
induction coil. The telephone was a French one. 

The Cell. — This was made from a U-tube whose diameter at the bend 
was about 6 mm. and much wider at the ends. The electrodes were 
about 10 mm. in diameter and were just above the constricted portions 
of the tube, coming close to the glass but not touching it. One was fixed 
in position and never moved ; the second was sealed into a piece of glass 
tubing which passed through a sound selected cork. The latter just fitted 
one limb of the cell. Into the cork three pins were firmly fixed, so that 
each of these rested on the rim of the cell. The cork entered the cell far 
enough and tightly enough for no play to be possible, and the cell was 
marked so that each pin came into exactly the same position when the cork 
was removed and replaced. This cell was found to answer admirably. 
Comparison tests were made with sea- water No. 1 at intervals during the 
measurements of the other waters, and the constant of the cell was found 
not to change at all. The latter was determined by means of a solution of 
potassium chloride of normal strength at 25° C. and was found to be 22*8714. 
The electrodes were platinised in the usual manner. 

TliermometeTs. — These read directly to 01, and each of those used were 
compared with a Kew standard and the correction applied. 
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The Thermostat — The tank used for keeping the sea- water at 25° during 
the measurement was a thermostat of several gallons' capacity of the 
Ostwald-Luther pattern. As a matter of fact, the temperature of the bath 
was found to vary by about one-fifth of a degree, rising slightly and slowly 
during the day, because the temperature of the room was comparatively 
high ; consequently, the temperature of the bath was always read for each 
observation and the necessary correction applied. It was found that over 
small ranges of temperature (2°-4*'), one division of the bridge wire cor- 
responded to 0'2° rise or fall in temperature. The correction was the same 
for seven samples which included one each of high and low salinity. The 
correction applied was thus taken as 0*5 mm. of bridge wire for each tenth 
of a degree above or below 25'' C. The cell was held in position by a clamp. 
The sea- water was not placed directly into the cell, but was first pipetted 
into a Jena glass tube fitted with a rubber cork, which was suspended in 
the thermostat. This assumed the temperature required and wa^s then 
placed in the cell, which was first thoroughly rinsed with it. The cell was 
then allowed to stand in the thermostat for a few minutes, and meanwhile 
the Jena tube was filled with the next sample of water. No trouble was 
experienced from the formation of air-bubbles in the cell after this treatment. 
The cell assumed the temperature of the thermostat extremely quickly 
owing to the thinness of the gla^ss and the smallness of its contents. 

Method of Determinimg the Conductivities, — The cell was rinsed three 
or four times with the sea- water to be examined and the removable electrode 
fixed in position. The cell was then clamped in the thermostat, and in a 
few minutes the battery connection made and the induction coil started. 
The slider was then adjusted without any alteration of the standard 
resistance, and a reading of the bridge taken. The thermometer in the 
thermostat was read, and a second reading of the bridge made after re- 
adjusting the slider. A third balance was similarly made and the mean of 
these taken a^s the true value. (The bridge readings were taken with the 
coils and cell in both the left and right gaps of the bridge respectively.) 
The temperature of the coils was then read. The observations were 
recorded as follows: — 



Number. 


Bridge Beadings. 


Temperature 
of Cell. 


Temperature 
of Coils. 


Mean Beadings 

of Bridge 

corrected 

to 25°. 


CeU in 
Left Qap. 


CeU in 
Bight Gap. 


1 


521-5 
521-5 
522-0 


495-0 
495*5 
495-0 


25-35'' 20-5" 


\ 521-5 4954 
1 diff. = 261 
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The resistance was then calculated from the formula 

1047+^ 
^-1047-d^^ 

where S = 394-224{ 1 + 000015 (t 15°)} +0006 (the standard coU and its leads), 
and R = the resistance of the water and its lead. Hence the actual resistance 
of the water is R— 0*0669 legal ohms, the reciprocal of which multiplied 
by the constant of the cell {vide supra) gives the true specific conductivity. 
Errors of Experiment — So far as the author is aware, the only errors 
not common to all the ninety measurements are those incidental to correct 
balancing and reading of the bridge. And the extreme limit would be half 
a millimetre of the wire. As the mean of several readings was taken, it 
would probably be much less than this ; but allowing 0*25 mm. of wire as a 
possible error, we find that this afiects the conductivity by 2 in the fifth 
figure, an amount which corresponds to the effect produced by an error of 
0*01 grams in the estimation of chlorine. 

The Optical Measurements. 

These were made by means of a refractometer reading directly to 
30" and which could be easily estimated to 15". The prism was a glass 
one with movable sides made by Hilger, and when set up had an angle 
of 60° 6' 10". The prism was not broken till No. 87, when it was reset and 
the angle found to be 60° 3' 54". The values for the last four measure- 
ments were calculated for a prism of 60° 6' 10", and are so given. 

Methods of Experiment — The bottles containing the water were kept 
near the refractometer, and were thus at the temperature of the room. 
The actual temperature of the water in the prism was determined by a 
thermometer reading to tenths of a degree, which had been standardised by 
comparison with a Kew standard. The left-hand edge of the image of the 
slit was made to coincide with the point of intersection of the cross wirea 
Sodium light was used as illuminant. The prism was rinsed twice with 
the water to be examined, and the thermometer inserted. The prism was 
placed in position on the refractometer and the position (1) of minimum 
deviation found and read ; the temperature of the water was then read, 
the prism was turned round through 180°, and the position (2) of minimum 
deviation again read. The whole operation was then repeated. 

Half the difference between 1 and 2 gives the angle of minimum devia- 
tion at the temperature noted. Corrections for temperature were applied 
as below, and the mean of the two values taken as correct. The difference 
in no case exceeded 30". In two cases only it exceeded 15". 
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Temperature Corrections. — Several of the waters were examined at 
different temperatures in the above way, and it was found that all of them 
behaved similarly. For a mean temperature difference of 1° C. it was 
found that the mean difference in the minimum deviation was 30" of arc. 
The , individual measurements agreed well among themselves, and the 
temperature correction is practically identical with that obtained by Mr 
Manley, whose value was 31" for 1**C. This correction was accordingly 
applied. It would have taken time to work out the refractive indices of 
the samples, and the writer agrees with Mr Manley * that, for the end in 
view, the minimum deviation gives exactly the same information as the 
refractive index does. The angles of minimum deviation are, therefore, 
compared in place of the refractive indices. 

Errors of ExperiTnent — The error of observation on a single measure- 
ment might be as much as 30" ; but since at least two independent measure- 
ments were made with each sample of water, the probable error is not more 
than 10" to 15", and the agreement of the values obtained from different 
measurements of the same water showed that 10" may be considered a 
reasonable approximation to the probable error. 

The following table gives the values for the various constants and the 
chlorine in grams per litre. The latter, together with the relative density 
A, at 18° (by the pyknometer), were determined by Mr Manley for his own 
work and kindly supplied by him. 







TABLE I. 




Serial 
Number. 


Chlorine, 

Gramfl 

per Litre. 


Relative 
Density 

^18- 


Specific CJon- 

ductivity 1/p 

at 26** in terms 

of the Legal 

Ohm. 


Angle of 
Minimum Devia- 
tion at 24" by 
a Prism having 
-^=60' 6' 10^ 


1 


20-661 


102764 


0-054858 


86925^ 


2 


•661 


74 


4787 


913 


3 


•766 


83 


6018 


931 


4 


•686 


86 


6333 


925 


5 


•756 


83 


5137 


931 


6 


•756 


91 


5137 


934 


7 


•756 


84 


6137 


926 


8 


•616 


70 


4922 


919 


9 


•615 


74 


4964 


922 


10 


•721 


81 


4922 


919 


11 


•721 


87 


6069 


932 


12 


•721 


86 


5176 


940 


13 


21^215 


1^02849 


6117 


967 



* Proc. Roy. Soc. Edin.y 1900. 
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Table I. — continued. 









Specific Con- 


1 

Angle of 


Serial 
Number. 


Chlorine, 


Relative 


ductivity 1/p 


Minimum Devia- 


Grams 


Density 


at 26* in terms 


tion at 24° by 


per Litre. 


Ajg. 


of the Legal 


a Prism having 








Ohm. 


^=60'* 6' 10^ 

1 


14 


21-144 


1-02841 


0-056027 


1 86970^ 


15 


20-792 


1-02788 


6281 


946 


16 


•792 


94 


6122 


935 


17 


•756 


80 


5069 


910 


18 


•968 


1-02817 


6768 


949 


19 


21-004 


23 


5876 


952 


20 


•604 


67 


7189 


966 


21 


•533 


90 


6916 


976 


22 


•533 


88 


6970 


981 


23 


•533 


93 


7080 


986 


24 


22-310 


102989 


8459 


87056 


25 


21-780 


34 


7737 


019 


26 


•674 


15 


7352 


010 


27 


•674 


14 


7408 


007 


28 


22-857 


103093 


•060448 


123 


29 


23686 


174 


1203 


175 


30 


Not ex 


amined. 






31 


21^710 


102919 


•057390 


016 


32 


•639 


10 


321 


86985 


33 


•921 


45 


766 


87027 


. 34 


22-663 


103050 


•059510 


086 


35 


21533 


1-02889 


•066889 


86968 


36 


23 333 


103133 


•060949 


87138 


37 


21374 


1-02873 


•056785 


010 


38 


20-933 


21 


•055758 


86961 


39 


•933 


19 


526 


953 


40 


•792 


00 


314 


931 


41 


21^745 


1-02933 


•057691 


87021 


42 


20^968 


1-02821 


•055739 


86965 


43 


•615 


1-02773 


•054861 


946 


44 


•580 


73 


787 


946 


45 


•580 


73 


787 


915 


46 


•580 


79 


787 


917 


47 


•580 


72 


787 


917 


48 


'6lh 


74 


787 


919 


49 


•615 


72 


787 


917 


50 


•615 


73 


839 


916 


51 


•615 


68 


903 


901 


52 


•615 


67 


903 


911 


53 


•615 


74 


903 


901 


54 


•615 


70 


787 


907 


55 


•580 


68 


668 


917 


56 


•615 


72 


668 


910 


67 


-608 


70 


772 


913 


58 


-580 


69 


815 


908 


59 


•580 


69 


815 


911 


60 


-580 


66 


867 


906 


61 


•580 


70 


782 


913 


62 


651 


73 


• • ■ 


934 


63 


•792 


97 


•055050 


936 


64 


•616 


68 


•054704 


928 
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Table I. — continued. 



Serial 
Number. 


Chlorine, 

Qrams 

per Tiitre. 


Relative 
Density 


Specific Con- 
ductivity 1/p 
at 25° in terms 
of the Legal 
Ohm. 


Angle of 
Minimum Devia- 
tion at 24" by 
a Prism having 
^=60** 6' WK 


65 


20*825 


1^02798 


•055256 


86931* 


66 


•825 


97 


256 


938 


67 


•825 


1-02802 


468 


951 


68 


•862 


06 


468 


948 


69 


825 


02 


468 


946 


70 


•862 


06 


468 


952 


71 


•862 


07 


468 


939 


72 


•756 


102792 


345 


949 


73 


•668 


80 


•054861 


929 


74 


•756 


93 


•055186 


944 


75 


•545 


67 


•054641 


919 


76 


•439 


48 


401 


913 


77 


•545 


53 


464 


907 


78 


•456 


54 


420 


892 


79 


•545 


60 


483 


907 


80 


•474 


54 


440 


905 


81 


•309 


58 


650 


894 


82 


'439 


47 


440 


904 


83 


•474 


55 


514 


890 


84 


•509 


57 


514 


913 


85 


•4(i3 


43 


317 


890 


86 


•439 


44 


317 


893 


87 


•439 


48 


512 


887 


88 


•474 


52 


301 


896 


89 


•862 


1^02807 


•055351 


923 


90 

1 


•403 


102742 


•054344 


890 



For the sake of comparison, some of the above figures have been re- 
arranged in ascending order of the chlorine values. The mean of the 
values for the various physical constants corresponding to the chlorine has 
been struck, and the variation of the physical constants from their respective 
means is given. 



TABLE II. 



Serial 
Number. 


Chlorine 
per Litre. 


Relative 
Density 

^18 


Variation 
from Mean. 


Specific 
Conductivity 

1/P26- 


Variation 
from Mean. 


Minimum 
Deviation. 


Variation 
from Mean. 


76 

82 
86 
87 


20-439 
Mean 


1-02748 
47 
44 
48 


-h 00001 

3 

+ 1 


•054401 
440 
317 
512 


-•00002 

+ 02 

10 

+ 10 


86913'' 
904 
893 
889 


+ 14" 
+ 5 
- 6 
-12 


102747 


± 00001 -0544 1 8 ± -00006 


86899 9 
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Table II. — covdinued. 



Serial 
Number. 

1 


Chlorine 
per Litre. 


Relative 
Density 

Aig. 


Variation 
from Mean. 

1 


Specific 
Conductivity 

1/^85- 


Variation 
from Mean. 


Minimimi 
Deviation. 


Variation 
from Mean. 


1 

44 
45 
46 
47 
55 
58 
59 
60 
61 

8 
9 
43 
48 
49 
50 
51 
52 
53 
54 
56 


20^580 
20*615 


1^02773 
73 
79 
72 
68 
69 
69 
66 
70 


+ 00002 

+ 2 

+ 8 

+ 1 

3 

2 

2 

6 

1 


•054787 

787 
787 
787 
668 
815 
815 
867 
782 


•00000 

00 

00 

00 

12 

+ 03 

+ 03 

+ 08 

00 


86946^ 
915 
917 
917 
917 
908 
911 
906 
913 


+29' 

-02 

00 

00 

00 

-09 

-06 

-11 

-04 


r02771 


±•00003 


•054788 


±•00003 


86917 


±06 


1-02770 
74 
73 
74 
72 
73 
68 
67 
74 
70 
72 


-•00001 

+ 3 

+ 2 

+ 3 

+ 1 

+ 2 

3 

4 

+ 3 

1 

+ 1 


•054922 
964 
861 
787 
787 
839 
903 
903 
903 
787 
668 


+ •00008 

+ 12 

+ 02 

06 

06 

01 

+ 06 

+ 06 

+ 06 

06 

18 


86949 
922 
946 
919 
917 
916 
901 
911 
901 
907 
910 


+03 
+06 
+30 
+03 
+01 
00 
-15 
-05 
-15 
-09 
-06 


1-027716 


±*00002 


•054848 


±•00007 


86916 


±08 










1 1 



In Table III. are given the mean values for density, conductivity, and 
deviation for the various values for total chlorine. Those cases only are 
considered where there were more than four samples of the same chlorine 
value. 

TABLE III. 







Mean 




Mean 










rTHiftT»iTiA 


Relative 


Average 


Specific 
Conductivity 


Average 


Mean 


Average 




V/UIUI lllC 


Density 


Variation. 


Variation. 


Deviation. 


Variation. 


(«) 




^18- 




1/P26- 






1 


20439 


1^02747 


•00001 


•054418 


•00006 


86899' 


9' 


(6) 


•580 


771 


3 


788 


3 


917 


6 


(0 


•615 


772 


2 


848 


7 


916 


8 


id) 


•756 


787 


5 


•055149 


6 


932 


8 


(* 


•792 


795 


4 


192 


10 


937 


4 


(/) 


•825 


800 


2 


362 


10 


941 


7 


(?) 


21-533 


806 





439 


2 


941 


7 


W 


•533 


890 


2 


•056964 


7 


977 


5 
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The average variation means the mean of the individual differences 
between eaxjh recorded observation and the mean of all the observations for 
each value. 

In the case of all the other values for total chlorine we have too few 
samples of water with the same value, and no means can be taken. For 
the sake of comparison, however, the means of aU values of all observations 
of waters whose chlorine value is above 22 grams per litre is given. It is 

(i) 22-970 103088 -060104 87115" 

In Table IV. are given the differences between the values of the various 
physical constants for variations in the total chlorine. 



TABLE IV. 





Difference 


Difference in 


Difference in 


Difference in 




in Chlorine. 


Relative Density. 


Specific CJonductivity. 


Minimum Deviation. 


b-a 


0-141 


0-00024 


0^000370 


18^ 


c-a 


•176 


025 


0430 


17 


c-h 


•036 


001 


0060 


• • • 


d-c 


•141 


015 


0301 


16 


e-c 


•177 


023 


0344 


21 


e-d 


•036 


008 


0043 


6 


/-« 


•033 


006 


0170 


4 


g-f 


•037 


006 


0077 







•210 


028 


0614 


25 


•671 


084 


1525 


36 


h-a 


r094 


143 


2546 


78 


l-a 


2-531 


341 


5686 


216 


Total 


5-286 


000703 


0-012966 


436 


Average 
for 


\ 0-100 


0^00013 


0^000238 


8 



From a consideration of the above it is seen that neither the densities, 
conductivities, nor refractive indices (deviations) give values which vary 
exactly with the chlorine values. On the other hand, the variations in the 
physical constants do agree with astonishing accuracy for all variations in 
total chlorine above O^lOO grams per litre. 

In the above tables and remarks the assumption has been made that the 
titrated values for chlorine were absolutely correct. Of course this is not 
warrantable, and since 1 cc. of the silver solution used in titrating was 
equivalent to 0'343 grams of chlorine per litre, the possible error is about 
0*02 grams per litre. If this is taken into consideration, a difference of 
between 2 and 3 in the fifth figure for densities, and of between 4 and 5 in 
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the same figure for conductivities, would be quite possible for waters which 
are taken as having the same chlorine value. It will be seen from Table 
III. that this difference is frequently doubled ; but, as stated above, errors 
in measurement of the conductivity would account for a further diflTerence 
of 2 in the fifth figure, and the error in density determinations would 
account for a difference of the same order of magnitude ; so that, as a whole, 
the conclusion is reached that either density or conductivity measurements 
give a chlorine value sufficiently near the true one for all practical purposes 
in oceanography. 

This may be shown by taking the density or conductivity values farthest 
from the mean for any given chlorine values and calculating the chlorine 
value corresponding to the density or conductivity from Table IV. Thus 
in Nos. 46 and 60 we get the relative densities Ajg. = 1 02779 and 1 02766. 
These differ from the mean density for all the waters of the same salinity by 
+ 0*00008 and —000005. These differences correspond to differences in 
chlorine of 006 gr. and 004 gr. respectively. If we allow a titration 
error in these extreme cases of 002 grams, it will be evident that the 
approximation to accuracy is quite sufficient when the values corresponding 
to the densities are taken in place of the titration values, the actual errors 
being about 0*04 gr. and 002 gr. in the two extreme cases, or less than 0*2 
and 01 per cent, of the total chlorine. 

Taken as a whole, the values obtained from the conductivities are slightly 
less accurate, the average variations being a little more than double those 
of the densities ; while for O'lOO of chlorine the difference in density should 
be 000013 and in conductivity 000024, or slightly less than double. In 
the most extreme case. No. 56, the variation from the mean is —0*00018^ 
which corresponds to a difference in chlorine of —0075. The admitted 
possible error is 002 (titration) 4- 001 (for specific conductivity) = d= 003. 
Thus the difference between the value from the corrected conductivity 
would differ from a corrected titration value by 0045 grams of chlorine in 
the most extreme case. This, again, is little over 0'2 per cent. 

It is apparent at once that the angles of minimum deviation obtained 
above are of little value in comparison with the other methods. This i& 
probably due to the fact that the instrument used was not sufficiently 
delicate. It would be necessary to use a scale reading to at least b" of 
arc to obtain the same degree of accuracy as is given by the other 
physical methods. As stated above, that used by the author read 
directly to 30". The optical measurements are, in consequence, not 
further discussed. 

The conclusion that may be drawn from these experiments is that certain 
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physical properties are not always exact measures of the chlorine in the 
sea- waters, but that the difference between the value f«)r chlorine calculated 
from the physical constants, and that measured by titration, is sometimes so 
small, that for purposes of oceanography it may be assumed that the two 
values are identical. 

Daubent Laboratort, 
Magdalbn Collbge, Oxford. 



{Issued separately September 11, 1907.) 
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XXV.— The Influence of Twist on the Strength of a Thread. By 
ThomSiS Oliver, B.Sc. (Lend, and Edin.), Carnegie Research 
Fellow. Comrnvmicated by Dr C. G. Knott. 

(MS. received May 20, 1907. Read May 20, 1907. ) 

On this very important subject I have not been able to discover much 
published work of a quantitative description. Professor Hartig, a writer 
in Dingler's Polytechnic Jov/mal, 1879, appears to have made a special 
study on the strengths of threads, and was able to express the results of 
his investigation in the algebraic formula, 

flu. 9 nk 7 
y = -rx^- x + nk, 

where y = the resistance of the thread to rupture, i.e. the strength of the thread. 
X = the length of the thread under test. 
X = the length of each fihre composing the thread. 

(The fibres are evidently assumed of equal lengths.) 
ri = the number of fibres contained in a cross section of the thread. 
k = the resistance of a fibre to rupture, i.e. the strength of the fibre. 
fj, = the coefficient of resistance to slipping of the fibres on each other. 

Professor Hartig evidently used /jl in sl diiferent sense from its general 
meaning as the coefiicient of friction. In his formula /jl is the absolute 
resistance to slipping per unit length of fibre, and not a ratio. He stated 
further that jj, varied between the limits '00005 gram and 9015 grams 
per millimetre, the former limit applying to threads composed of silk 
filaments without twist, the latter limit to woollen threads with an 
abnormally " hard " twist. 

I have not the full details of Professor Hartig*s analysis at my disposal. 
I am indebted to a French work, Easai des Matihres Textiles, by J. Persoz, 
Director of the Conditioning House at Paris, for the above information. 
However, it is not difficult to see how the formula has been arrived at. 

Suppose for simplicity that a thread is composed of parallel lines of 
fibres broken at intervals of X, as shown in fig. 1. The adhesion necessarj" 
to form a thread could be aflForded by a size or glue. 

Let M and N represent the jaws of the testing machine, distant x units 
of length from each other. A and B represent lines of fibres which are 
continuous ; C and D, lines of fibres which are discontinuous between the 
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points M and N. When tension is applied to the thread, A and B will 
not slip, while the fibres forming C and D will. 

In \ millimetres, all the lines of fibres, i,e, n, will on the average have 
become discontinuous. 

Therefore, in x millimetres, n — fibres will be discontinuous. 

A 

.*. nil j fibres will be continuous throughout the range of x mm. 

Eku;h of these latter fibres offers k grams resistance to rupture. 

.-. 7i(l — ^j of these latter fibres offer nkll — Yj grams resistance to 

rupture. 

The discontinuous fibres do not offer any resistance in this respect, 
because they are already broken within the limits M and N. 

K- ' 1 

ttui 






0| l "' M 



F 



3C 



Jim 



I 



Fio. 1. 



£ach fibre offers /jlX grams resistance to slipping on its entire length, 
and therefore /xx grams resistance to slipping on x millimetres of its length. 

71— fibres offer -^x^ grams resistance to slipping. 
.*. The total resistance of the thread to rupture 

as shown by Professor Hartig. 

Now, it will be instructive to examine the matter a little more closely, 
and to see if this simple formula can represent the actual conditions, and 
if not, wherein it fails. 

In the first place, yarn-testing is only useful in so far as it enables us 
to ascertain the weaving qualities of a yam. Therefore the conditions of 
test should approximate as closely as possible to those conditions which 
shall hold during weaving. The warp threads are subjected to considerable 
tensile stress in the loom by " weighting " the warp beam. This stress, 
however, is not nearly up to the limit of elasticity of the threads. It 
is in the forming of the "shed" that breakages occur. Fig. 2 shows 
diagrammatically the conditions of shedding the warp in the loom. 

E represents the breast beam of the loom, over which the cloth passes 
after being woven. F, the back beam, over which the warp passes. 
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D is the position of the lease rods, which determine the position of the 
threads in the warp relative to each other, and also the length of warp 
thread which shall be under increased strain during shedding. A is the 
fell of the cloth. 

The dotted line AD shows the position of the threads when the " shed '* 
is closed. In order to form an opening or " shed " through which to pass 



Fio. 2. 

the shuttle carrying the weft, part of the threads are raised into position 
ABD, while the remainder are depressed into position ACD. 

AB+BD>AD. 

Therefore a length of thread AD must be able to stretch AB + BD— AD 
without the stress reaching the limit of elasticity, or breakage will occur 
during the continued repetitions of stress in shedding. The length AD 
is never much less than 27 inches, and in the broad looms of the Scotch 
woollen trade will be more. Therefore the length tested should be about 
27 inches. 

Now, in all threads, except those of thrown silk, the fibres are much 
shorter than this: e.g. in crossbred worsted, 4-inch fibres; in Botany 
worsted, 2 J-inch fibres ; in carded merino threads, 1-inch or even shorter 
fibres, are very common. 

Professor Hartig's formula is only applicable when x is less than X ; 
but we have just seen that testing is only of value to the manufacturer 
when X is about ten times greater than X. 

Let us now consider the limiting case when « = 0, i.e. when the length 
of the thread under test is infinitesimal. 

The formula becomes 

i.e. the strength of the thread is equal to the sum of the strengths of its 
component fibres. 

Practically, it would not be possible to test infinitesimal lengths of 
thread. Probably 1 millimetre would be the minimum length which 
could be tested on the best-designed machines. Experimental results show 
that the breaking strength of 1 millimetre of thread is never anything 
near equal to the sum of the breaking strengths of its fibres. There are 
several reasons why this should be so. 



1906-7.] 



The Strength of Twisted Threads. 



247 



(1) "That the strength of the whole should equal the sum of the 
strengths of its parts " appears plausible enough, and it would be substanti- 
ally correct if the fibres were rigid and did not admit of stretching under 
tension, or if all the fibres stretched an equal amount for the same stress, 
and if it could be ensured that all the fibres in the thread were at the 
same tension when the load was applied to the thread. None of these 
conditions can be realised in the actual thread. The first condition, 
"absolute rigidity," is far wrong. Every textile fibre is more or less 
plastic, wool and silk especially so. The second condition, " equal degrees 
of plasticity amongst the fibres of a thread," is not far wrong up to the 
limit of elasticity, because the modulus of elasticity is approximately the 
same for all fibres of the same quality. But threads are often made by 
blending diiferent qualities of the same material, and even different 
materials, e,g. cotton and wool blends. In such there would be a marked 
difference in the degrees of stretching under the same stress. After the 
elastic limit is passed, however, tiiere is no uniformity in the stretching 
of the fibres even of the same quality. The fibres which stretch least 
would take up the greater part of the stress, and would quickly reach theii 
ultimate breaking strengths before the average load has reached, say, two- 
thirds the strength of the weakest fibre. After the " harder " fibres have 
been ruptui*ed, a correspondingly smaller number of fibres would be left 
to carry the load. So that the strength of the thread may be equal to the 
sum of the strengths of its fibres, each fibre must take up its due share 
of the load, and this can only occur if the fibres are all at equal tension 
to begin with, and if they continue so throughout the pull. This brings 
us to another reason for earlier rupture. 

(2) Let us suppose that a thread contains 90 fibres, the average tenacity 
of which = 10 grams, and that the following table shows the variation of 
strength amongst the fibres : — 



TABLE I. 

5 fibres break separately at 8*5 grams. 
10 „ „ 9-0 



20 
20 
20 
10 
5 

90 



9-5 
10-0 
10-5 
11-0 
11-6 

10 



average. 



Assuming that the fibres are all at the same tension at the beginning, and 
stretch equally throughout the pull, then, when the total load on the thread 
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is 765 grams, the average load on each fibre is 8*5 grams. At this point 
the five weakest fibres break ; there are now only 85 fibres to carry the 
load of 765 grams, which gives an average of 9 grams per fibre. But 
this is the load at which the second weakest group of fibres break. 
Therefore these break immediately after the first group, before the total 
load has increased. Then 75 fibres are required to carry 765 grams, 
i.e. an average of 10'2 grams; but this is a higher load than 40 
of these fibres can carry. The result is that the thread tears across 
almost simultaneously with the rupture of the weakest fibres. If the 
average strength of the fibres were deduced from this result, it would 
be set down as 8*5 grams, but we have seen that this is merely the 
strength of the weakest group of fibres. 

In general, if there are n fibres in a thread, the strength of the weakest 
fibre is a, and the strength of the second weakest is a+d. 

Then, the condition that the total load will increase between the times 
of rupture of the weakest and second weakest fibres is that 

a + d> 



or d> 



n-1 
a 



n-l 

(3) Another discrepancy is introduced, because the fibres are not all 
continuous throughout even 1 millimetre of thread under test. This 
would not, however, be an objection against the hypothetical testing length 
of infinitesimal magnitude. If we take a carded yam made from a Botany 
clothing wool, 1 inch is a common length of fibre. With 100 fibres in 
a cross section, there are 100 fibre ends in 1 inch on the average, and 
therefore four ends on 1 millimetre; i.e. there are only 96 fibres con- 
tinuous throughout the length of 1 millimetre under test. 

Therefore the common practice of setting down the breaking strength 
of 1 millimetre, and sometimes even of 1 centimetre, of thread as the 
sum of the strengths of its constituent fibres is misleading. 

The further consideration of Professor Hartig's formula raises several 
very interesting questions, but these do not come properly into the scope 
of this paper, and will be reserved for discussion in another communication 
which deals with the influence of the length of the test sample on the breaking 
strength observed. The weakest point in the formula is that /jl varies 
between such wide limits. Although noting that the variation of /jl is due 
to variation in twist, he apparently made no attempt to ascertain if a 
relation held between jm and the degree of twist. Twist is by far the most 
important factor in determining the strength of a thread of a given weight 
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per unit length, and no formula from which the degree of twist is absent can 
make any pretension to representing the actual conditions which obtain in 
a twisted thread. Probably the most important experimental evidence that 
has ever been published on the strength of threads will be found in a 
paper entitled, " Influence of Certain Reagents on the Tensile Strength and 
on the Dyeing Properties of Cotton Yarn," by Professors Julius Htibner 
and William J. Pope, F.R.S., of Manchester, read before the Manchester 
section of the Society of Chemical Industry on January 9, 1903. In each 
of their tests they broke from 100 to 120 threads, each of 10 cm. length, 
on a Schopper testing machine, so as to obtain a mean result with a 
satisfactory degree of accuracy. The Schopper testing machine is a 
product of the Berlin Charlottenburg. It is one of the most elaborate and 
is the most accurate of testing machines at present available for testing 
single threads. Further, the limits of accuracy to which the mean results 
could be relied upon were carefully determined by applying the method of 
least squares to the observations. They were thus enabled not only to 
give the mean tensile strengths for cotton yam in its natural state and 
after treatment with boiling water, sodium carbonate, sodium hydroxide, 
potassium iodide, and other chemical reagents, but to state that the limits 
of error did not exceed J per cent. Unfortunately, these gentlemen did 
not confine their conclusions to the problems which they ostensibly set out 
to solve. They committed themselves to the statement " that for one and 
the same yam the tensile strength is directly proportional to the twist." 
They founded this statement on what seems to me to be insufficient 
experimental evidence. 

After making the strength tests referred to above, a series of fifty-eight 
determinations of the twist were made on 10-inch lengths of the same 
two-fold 50*s raw Egyptian cotton yarn as had been used for the strength 
tests. From the results of these determinations it appeared that the twist 
varied from 220 turns to 30*3 turns per inch, the mean being 25*66 turns 
per inch. The twist being the main factor in determining the tensile 
strength of a cotton yam, the paper went on to show that the above three 
twist numbers, viz. 220, 303, and 2566, are in the ratio 324 : 446 : 378, which 
is practically the same as the ratio 330 : 440 : 378, the lowest, highest, and 
mean values of the tensile strength in grams taken from the table of results. 
The conclusion above mentioned was then drawn. That this conclusion 
is not altogether logical in several particulars will be evident if we consider 
the following points : — 

(1) If it had been possible to ensure that the same number of fibres 
were present in every cross section of the thread, there would not have 
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been any variations in the twist. Twist distributes itself along the length 
of the thread according to the number of fibres present in each section. 
[The precise relation which connects these quantities will be discussed 
in a future paper on the distribution of twist in a thread.] It is 
sufficient for our present purpose to state that in drawing the sliver 
or roving, the fibres do not as a rule distribute themselves uniformly 
along the thread. When twist is subsequently put into the thread during 
the spinning operation, it runs to an excessive degree in the sections con- 
taining the smaller numbers of fibres. When the sliver is very uneven or 
"pointed," this action of the twist forms local hard, small parts in the 
threaxl, which are technically called " twits." However, the fact must never 
be overlooked that these are always present in the best-spun yams, but to 
a smaller extent in number and degree. We have then at least two causes 
of the phenomenon observed by the Manchester investigators, viz. : higher 
degree of twist and lower number of fibres, or vice versa; lower degree 
of twist and higher number of fibres. The strength increases with the 
twist, and decreases as the number of fibres decreases, but not necessarily 
in the same proportion. Indeed, it is possible that the twitty parts are 
stronger than the average, but only if the "twit" or unevenness is not 
excessive ; i.e, the strengthening of the thread due to twist may be greater 
than the weakening due to decrease in the number of fibres.* But the 
point at issue remains, that there were at least two causes of the pheno- 
menon, and unless these were isolated and their eflects determined separately, 
any assumption as to their single eifects on the strength of a thread is 
unwarranted. The observations taken were not due to the eifect of twist 
alone, but to the superposition of the eflects of twist and at least one other 
cause operative at the same time. 

(2) The second flaw in their argument appears to be that the yam that 
was tested for twist was not the same yam that was tested for strength. 
Fifty-eight threads were tested for twist, after testing ninety-nine threads 
for strength. The probable reason for this procedure might be that it was 
not possible to vary the twist on the machine during the test ; therefore 
two operations would have been necessary on diflerent machines for the 
same thread. The Schopper testing machine, although the best for the 
main purpose that the experimenters had in view, is not the best for this 
side question of the relation between twist and strength of the thread. 
This difficulty, however, put them in the position to some extent of 
assuming what they had to prove. 

(3) Thirdly, the limits of variation of twist were too close together to 

* This question wiU be more fully discussed on p. 259. 
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make observations on which to found a general law. The law, if true at 
all, could only be so within the narrow limits of observations made. 
The twist on the thread should have been gradually increased in a series 
of threads from zero to a high degree, and the corresponding breaking 
strengths observed. It is evident that the law cannot be true much beyond 
the higher limit, because the statement involves a constantly increasing 
strength of ' thread as the twist increases. That a thread cannot go on 
getting stronger indefinitely with twist is so obvious as to require no 
demonstration; there must be a change in the character of the relation 
as the torsion proceeds. 

In justice, it ought to be stated that the defects noted in no way 
invalidate the main results of the above interesting paper. The care 
manifested in working out the details of the chief subject of inquiry 
contrasts strangely with the treatment accorded to the twist problem — so 
much so, that one is led to the conclusion that the authors did not give it 
their best attention. This question of twist is not one in which an 
investigator can indulge in a little by-play as a prelude to what he may 
consider more serious business. Twisted threads really present a group 
of the most complicated problems which a physicist can set himself 
to solve. 

There are two methods of experimental investigation which appear 
commendable : — 

(1) The direct method, which is as follows. Take out all the twist from 
a thread and test its strength. This can only be done satisfactorily on a 
machine which admits of the twist being varied, and also of the test for 
strength being made. Then take out all the twist from another thread of 
the same hank and put on one turn per inch, and test the strength of the 
thread in this condition. Perform the same operation for two, three, and 
more turns per inch of twist. Then repeat the whole sequence of operations 
a sufficiently large number of times to ensui'e a satisfactory mean being 
determined. 

(2) The indirect method, in which the thread is loaded to some 
convenient point short of breaking. When tensile stress is applied to a 
thread, the thread stretches, but the elongation is never quite proportional 
to the stress. The increments of length corresponding to any fixed 
increment of stress gradually increase as the stress rises. But there is no 
sudden change until the stress is considerable when the yield point is 
reached, after which the increments of length for any given increment of 
stress become very much larger, and go on increasing as the stre8^s increases 
up to the breaking point. The yield point may be termed the limit of 
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elasticity ; but there is no real limit of elasticity in testing threads, similar 
to what is met with in testing materials like steel. This difference arises 
from the constitution of a thread differing greatly from that of a continuous 
substance. A thread is composed of fibres arranged spirally or, as in carded 
woollen, lacking any well-defined arrangement. Therefore much slipping 
occurs amongst the fibres from the beginning of the pull. 

The most valuable quantity to be determined relative to the' strength of 
a thread is not its ultimate breaking strength but the yield point ; because, 
if the stress exceed that corresponding to the yield point and be continued 
sufficiently long, the thread will ultimately be ruptured. This result wiU 
be much accelerated if the stress be periodically applied and withdrawn, as 
in the process of shedding the warp in the loom. This determination 
of the yield point provides us with a much more accurate method of 
determining the relation between the degree of twist and the strength of a 
thread. It is then possible to apply an increasing twist to the same thread 
while under tensile stress, and, if great care be exercised in the application 
of the load, quite a long series of observations of the yield point may be 
obtained on the same thread before the thread breaks. Theoretically, it 
should be possible to perform the whole range of experiments with one 
thread, because the stretch is not very great up to the yield point. In 
practice, this limit is exceeded at each observation, as it is often not well 
defined, and the accumulation of these increments soon wears the thread 
out at some weak point in its length. 

The great advantage of the second method over the first is that we are 
eliminating the effect of variation in the uniformity of the thread, and 
thus a satisfactory mean can be struck from a much smaller number of 
observations. Yam-testing has not received the attention from manu- 
facturers which its importance demands. Many firms never test their 
yams at all. The majority (possibly all) of those who do only ascertain 
the breaking strength and the ultimate stretch of their yam. The ultimate 
stretch is spoken of as the elasticity of the thread. This statement is quite 
wrong ; the ultimate stretch and the elasticity are quantities not necessarily 
connected. The elasticity of a thread may be measured by its stretch for 
a given stress well within the limit of elasticity, this stretch being 
distributed throughout the length of the thread. The stretch from the 
yield point to the ultimate breaking point, on the contrary, is largely 
confined to one or more "soft" or slackly twisted parts in the thread. 
This local stretch is of no importance bo the manufacturer, because the 
thread is useless long before it takes place. Further, the local stretch, being 
dependent on so many accidental circumstances, does not bear any definite 
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relation to the strength, although in a general way a strong thread stretches 
more than a weak one of the same quality. 

There is only one machine at present in the market adapted for testing 
the relation between twist and yield-point strength by the second method 
which has been described. This apparatus was designed by Mr G. R. Smith 
of Bradford, and is shown in fig. 3. A thread A is stretched between two 
clamps B and C. C forms the end of one arm of a bell-crank lever pivoted 
at G, whose other arm F carries a can E. Water may be run into can E 
from a reservoir D, and thus the thread may be twisted under any tension. 
The can is provided with a gauge. H is an adjustable counterpoise to 
balance F when E is empty. The amount which the thread stretches under 
tension is taken up by turning wheel I, which commmiicates motion by 
a train of wheels and special pinion to a cylindrical rack K. K moves 
the clamp B so that the lever F always remains horizontal. The twist in 
the thread may be varied by turning wheel M, the turns being indicated on 
dial T, to which motion is communicated by a worm W carried on bar K. 
Arm F carries at the end a rubber pad P, which drops on the water nozzle 
and stops the flow when the thread yields or breaks. 

The method of testing the relation in question is as follows : — Take out 
all the twist from the thread. If it is a single, it will probably not carry 
any appreciable load at all after untwisting. Then put on one turn 
per inch and run in water very slowly to E from reservoir D, and take 
up the stretch by moving B. As soon as the yield point is noticed, read 
off the amount of water in E by the gauge. Proceed in the same way for 
two turns per inch and more until the thread wears out. Suppose this 
occurs at four turns per inch. Start a new series with one turn per inch, 
and the thread will probably break at five or six turns. Start a third series 
with two turns, and so on. The observations were restricted to 10-inch 
lengths of thread, because in the machine used rack K did not admit of 
greater movement than 4 inches. With excessive twist the stretch 
sometimes amounts to 35 or 40 per cent, of the original length. But as 
woollen, worsted, and cotton fibres are much less than 10 inches, it is 
probable that the results do not diifer greatly from those obtained on 
lengths of 20 to 30 inches. 

In the later experiments, the above apparatus was modified. The 
reservoir D was removed, arm F was graduated, and the tension produced 
by a sliding weight on arm F. When one weight was not sufficient to 
cause the thread to yield, it was dropped gently into E, and a similar weight 
was started on its outward journey from pivot G along the arm F. This 
modification was found to give much better results, because the hydraulic 
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apparatus was not always quite steady in its action, and the can E, being of 
considerable cross section, did not lend itself to accurate reading of the 
volume of water at each yield point. 

The following Table (II.) shows the results for the following single 
threads : 6*8 crossbred worsted ; 7-cut woollen, spun from crossbred lamb's 
wool; 10-cut and 16-cut woollen. The worsted thread was composed of 
very long, straight fibres, while the three Cheviot woollen threads were of 
the soundest and most uniform quality. The cut system of numbering 
used in this paper is that of Galashiels, viz. the number of cuts of 300 
yards each which weigh IJ lbs. is the yam niunber. This system is now 
used largely in Scotland and Ireland for woollen yams. 



TABLE II. 
Relation of Strength to Twist in Single Threads. 



Turns 


Load in lbs. on the Thread at the Yield Point. 


per inch 




1 










of Twist. 


6'8 worsted. 


7-cut. 


10-cut. 


16-cut. 





•04 


•08 


•04 


•06 


1 


•06 


•15 


•05 


•12 


2 


•26 


•56 


•08 


•26 


3 


•60 


1-67 


•17 


•40 


4 


•99 


2^28 


•36 


•51 


5 


r2i 


266 


•60 


•61 


6 


r36 


2-82 


•82 


•68 


7 


1^46 


2-92 


105 


•72 


8 


1^51 


2-98 


111 


•76 


9 


1-54 


302 


1-15 


•80 


10 


1-62 


• • • 


1-20 


•84 


11 


165 


• • • 


r26 


, -88 


12 


1^69 


• « • 


132 


•91 


13 


1^72 


• • • 


1-35 


•94 


14 


1-75 


B • « 


• • • 


•96 



The results of Table II. are shown graphically in fig. 4. The loads at 
the yield points are plotted as ordinates, the corresponding turns of twist 
as abscissae. 

Table III. shows the results for the following two-ply threads : 2/16's 
Botany worsted, 2/12's crossbred worsted, 30-cut two-ply Saxony woollen 
(scoured), 56-cut two-ply Saxony woollen (greasy). 

The results of Table III. are shown graphically in fig. 5. The loads at 
the yield points are plotted as ordinates, the coiresponding turns of twist 
as abscissae. 
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TABLE III. 
Bklatiok of Strength to Twist in Two-ply Threads. 



Turns 
per inch 

of 
Two-ply 

Twist. 


Load i 


in lbs. 


on the Thread at the Yield Point. 




2/16's Botany. 


2/12' 


s Crossbred. 


30/30 Saxony. 


56/56 Saxony. 





•96 




1-43 


•73 




•44 


1 


•98 




1^44 


•75 




•45 


2 


1^07 




1-54 


•78 




•51 1 


3 


1-15 




1^64 


•81 




•56 


4 


1-21 




1^71 


•85 




•60 


5 


r27 




1^77 


•87 




•63 


6 


1-32 




r82 


•92 




•65 


7 


1-35 




i-m 


•95 




•67 


8 


1-38 




1-89 


•98 




•69 


9 


1-41 




1-92 


1-00 




•70 1 


10 


1-43 




1-94 


1-02 




•72 1 


11 


1-44 




1^96 


1-05 




•74 1 


12 


1-47 




1-97 


106 




•75 


13 


1-48 




1^97 


ro8 




•76 i 


14 


1-49 




r98 


1-10 




•77 


15 


1^60 




1^98 


1^11 




•78 


16 


rsi 






112 




•79 


17 


1-51 










•80 


18 


1-52 










•80 


19 


■ B a 










•81 


20 












•81 


21 


... 










•82 


22 


• • • 










•82 



One reason that the inflection in the graph for the 30/30 yarn is less 
pronounced than in the other graphs is that the thread was very elastic 
and stretched considerably up to the yield point. Thus the method used is 
not very accurate for yarns of this description. 

TAble IV. shows the ultimate breaking loads of the smallest possible 
length of each yarn which can be placed between the jaws of the testing 
machine. This length may be taken as 1 millimetre. 

TABLE IV. 
I 
Breaking Loads of 1 mm. op Yarn. 



Single Threads. 



Two-ply Threads. 



6's Worsted 
7-cut Che\dot 

10 

16 



» 



» 



»> 



J) 



2^32 lbs. 
4-15 
2-42 
r26 



5} 



}) 



» 



2/16's Botany 
2/12's Crossbred 

30/30 Saxony 

56/56 „ 



^79 lbs. 
2-66 
136 
V06 



j» 



)) 



» 



VOL. XXVII. 



17 
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The characteristic features of the relations between twist and strength 
shown in the above tables and diagrams are: — In single threads the 
strength of the thread without twist is very small ; there is not much of 
an increase in strength during the first turn ; immediately afterwards the 
thread commences to get stronger at a rapidly increasing rate, but after a 
few turns the rate of change of strength begins to decrease, the curve 
approaching an asymptote. This asymptotic strength is much less than 
the ultimate breaking strength of 1 millimetre of thread. 

The relations for two-ply threads have similar characteristics to those 
for single threads, but the initial strength in each case is considerable. 
During the first one or two turns of twist, two processes are in operation 
affecting the strength of the thread. The two-ply twist strengthens the 
thread, but simultaneously with this action the twist in the single threads is 
being opened out to some extent ; the latter process weakens the thread. 
After the first turn per inch, the opening-out action becomes of little 
account. It is probable that the thread may be actually weakened in the 
initial stages of the second twisting. The above experiments were not 
sufficiently extensive and refined in measurement in the initial stages to 
settle this point. The question is of no practical importance, as the twist 
impressed on two-ply threads is always greatly in excess of the limit of 
twist within which the strength of the thread is affected by the opening 
out of the singles. For a similar reason the direct twist side of the diagram 
was not investigated; two-ply yam is never twisted for commercial purposes 
in the same direction as the twist in the singles. The investigation there- 
fore deals with the inverse twist in two-ply threads. Previous to the 
spinning operation, single yarn comes from the condenser in a thread-like 
sliver, but possessing no twist. The relation between strength and twist 
will not be changed by the direction of the twist, whether " crossband " or 
" openband.*' 

When the twist becomes excessive the determination of the yield point 
is beset with great difficulties. Frequently the thread breaks with a slightly 
lower load than it carried with a lesser degree of twist. It does not follow, 
however, that this is due to a weakening effect of increased twist at this 
point. The reason is rather that the thread becomes weaker by the con- 
tinued application of tensile stress. Again, very "hard" threads break 
suddenly without giving much evidence of a yield point. As such ex- 
cessively twisted threads are too " hard " for use in any textile fabric, the 
exact character of the relation holding between strength and twist in these 
did not appear to be of sufficient importance to demand very careful in- 
vestigation. But the striking fact remains that, although twist is the most, 
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important factor in determining the strength of a given thread within the 

limits of useful requirements, a point is ultimately reached beyond which 

increased twist makes no material addition to the strength of the thread. 

The point raised by Professors Hubner and Pope, that twist is the controlling 

factor in the strength of a yam, is not necessarily true under all conditions. 

Indeed, it is only true throughout the length of a fairly uniform thread. 

If we experiment with " pointed " or " twitty " thread, such as is frequently 

met with in woollen spinning, a very different result will be obtained. 

The thread under test will be found to have broken at the " twit." To see 

how this may come about, let us suppose that the 30/30-cut Saxony of 

Table III. had been a " pointed " or uneven yam instead of exceptionally 

uniform as it was, and that one lumpy section contained 150 fibres and had 

six turns per inch, also that a second twitty section contained 100 fibres 

and had fourteen turns per inch. These are average results taken from 

an actual experiment on the distribution of twist. The twitty part is 

probably weaker than the lumpy part in the ratio of 2:3, owing to the 

reduction in fibres ; and from Table III. we see that the increase of strength 

due to greater twist is in the ratio '92 : 110. 

Therefore, if W is the strength of the lumpy part, the strength of 

the " twit " is probably 

w 2 110 
3 -92 

= -8W. 

The " twit " would thus break with 80 per cent, of the load required to 
break the lumpy part. 

The Manchester investigators inferred that the variation in twist in the 
various threads of their sample yam was responsible for the variation in 
strength so well recorded in their tests. 

Taking the above example, and even allowing for decrease in the 

number of fibres, which they did not do, the strength of the twit 

would 

w 2 14 
= W X — - X — 

3 6 
= 1-56W, 

a very improbable result. Still less probable would their own statement 
work out as it stands, that the strength of the twit would 

w 14 
= W X-— 

6 
= 2-33W, 
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on the assumption that the strength of the thread is directly propor- 
tional to the twist. If their inference had been correct, it would have 
placed a premium on bad spinning. The careless spinner and unskilful 
blender might equally cease from troubling, and rest in the assurance 
that the twist would effectually cover up the flaws in their work. 
Now, every spinner is well aware of the fact that, the more uniformly he 
can distribute the fibres along the axis of the thread, the better value will 
he give to his employer from every pound of wool or other material 
committed to his care. The uniform thread, although containing exactly 
the same number of fibres as the uneven thread, can stand a higher stress, 
and fewer breakages will result in weaving. 

That the analytical problem of this paper is not the easy deduction 
performed by Professor Hartig will be readily admitted by anyone who 
has followed at all closely the various points discussed. The author has 
attempted a mathematical synthesis from the fundamental constants of the 
fibres constituting the thread and the degree of twist impressed in its 
formation, but he does not venture to present the results of the attempt 
with this communication. As each fibre is arranged in a spiral, the helices 
of which vary in diameter, increased torsion introduces both a bending 
moment and a twisting moment. The measurement of these involves the 
tension modulus and the torsional rigidity of the fibre. The strengthening 
influence of increased twist on the thread is due mainly to the resultant 
increase in the normal pressure of the fibres on each other, and therefore 
the resistance to slipping must be greater. Lesser causes are the increase 
of the surface of contact of the fibres and the interference of the twisted 
fibres with each other. It will not be a case of pure slipping, because the 
convolutions of a twisted fibre may prevent the motion of its neighbour by 
simply blocking the way. Here again, the extent to which the fibre can 
offer such resistance will depend upon its flexural and torsional rigidities. 
Taking these and other difficulties into account, it is probable that no 
satisfactory mathematical synthesis of the results obtained by experiment 
can be effected. 

While the aforesaid conclusion may be true, an investigation of the 
graphical pictures of the relations between strength and twist in the 
various threads experimented on leads to very interesting results. The 
graphs are evidently of the family of curves to which mathematicians 
apply the name of "witch." 

The general equation of a " witch " curve, as shown in fig. 6, is 



. = ^- ('-)' 



Jcy^ + (b- a)2 



9 » 
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where y is the ordinate of any point on the curve. 

X y, abscissa of the same point on the curve. 
a „ height of the point where the curve cuts the ^-axis. 
b „ „ „ asymptote to which the curve approaches. 

A: is a constant number. 

In the graphs for single threads a practically = 0. The general equation 
then simplifies for such to the following form : — 



y=6- 



68 



kx^ + b^ 
kbx^ 



kx^ + b^ 

X-+-- 




Table V. shows the values of y = 2 — - 



•185 



•02a.2 + -325 "^°^P^'"^ ^^^^ ^^^ 
experimental values obtained for 2/12's crossbred worsted. This equation 
is obtained by substituting 6 = 2', a = l'43, k = '02 in the general equation. 

Table V. also shows the values of y = -2 — ^xi compared with the 

X ^" At) t) 

experimental values obtained for 6's single crossbred worsted. This latter 
equation is obtained by substituting 6 = 1*9, A; =25 in the second equation, 
ie, the one deduced for single threads from the general equation. 



y= 



62 • 



a-2 + i^ 



Fig. 7 shows graphically the relation between the curve for the two-ply 

'185 
thread 2/12's worsted and the graph to v = 2— ^^ ^ ' ^^^ . 

^ ^ ^ 02x2-1- -325 
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The aaymptote to which the latter graph approaches as x increases is 
If = 2. This asymptotic strength is much less than the breaking strength 
ol 1 millimetre of thread, which, as shown in Table IV., is 2^66 lbs. There- 



fore it would appear not to be possible to construct a thread stronger than 
about 75 per cent, of the strength of I millimetre of thread. The graph 
of the experimental results practically coincides with the graph of the 
assumed " witch " curve. 

Fig, 8 shows similarly the relation between the curve for the 6's single 



fl4-4 



; the asymptote to which the latter 



thread and the graph to y = 

approximates when x is large is j/ = l'9. This maximum strength is 82 per 
cent, of the strength of 1 millimetre of the 6's worsted thread. The 



1906-7.] The Strength of Twisted Threads. 263 

curves practically coincide within the limits SJ and 8 tuma Tliese limits 
would include all yarns of commercial value for textile purposes. 



The author has pleasure in acknowledging his indebtedness to the 
Carnegie Trust for the Universities of Scotland for the financial aasistance 
which has enabled hiiu to prosecute this research. 



{Iisned s^aTately October 2, 1907.) 
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XXVL— A New Method of determining the Degree of Twist in 
Single Threads. By Thomas Ohver, B.Sc. (Lend, and Edin.), 
Carnegie Research Fellow. Communicated by Dr C. G. Knott. 

(Read May 20, 1907.) 

The determination of the degree of twist in a folded or ply thread com- 
posed of two or more strands is an easy matter. It is merely necessary to 
stretch the thread between two clamps, one being fixed and the other 
forming the end of a bar which can be rotated about its axis. A counter 
is attached to indicate the number of rotations. Rotating the thread in 
the opposite direction to its twist ultimately brings the singles parallel to 
each other. This point is easily observed. If we apply this method to 
single yams we are at once confronted with the difficulty that the fibres 
constituting the yarn cannot be reduced to exact parallelism with each 
other. A reason for this is that the fibres in the thread before twist is put 
in are not always parallel. In the formation of the worsted " top " in the 
combing process, the aim is to arrange the fibres parallel to each other : this 
object is attained within narrow limits of error. If, in the spinning opera- 
tion, it were possible to fix the fibres, with respect to their neighbours, so 
that there would not be any relative motion amongst the fibres in the 
thread, then, on untwisting the thread again, the fibres would be reduced to 
a parallel condition. But this end cannot be attained; the fibres in the 
thread are free in the initial stages of twisting to slip on each other, both 
longitudinally and circumferentially, within limits. This motion is, how- 
ever, not so great as to preclude possibility of the degree of twist being 
determined in combed yams with a satisfactory degree of accuracy. 

Several pieces of apparatus have been devised from time to time, similar 
to that described above for ply threads, but more accurately constructed. 
It is usual to place one inch of thread between clamps at the focus of a 
magnifying lens, or the clamps and torsion apparatus are mounted on a 
frame so as to slide the thread across the field of a compound microscope 
fitted with a low-power objective. 

When the afore-mentioned methods are applied to carded woollen 
threads the results are very unsatisfactory. The reason is that, in the 
processes preliminary to spinning, the fibres of a woollen thread are never 
reduced to parallelism. The aim in forming the woollen sliver is to make 
the fibres include a maximum number of air spaces. The distinctive mossy 
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handle of high-quality woollen goods depends upon this. Many fibre ends 
project from the surface of the thread. Therefore if, to begin with, in 
twisting, the fibres are not parallel, by untwisting: we cannot arrive at the 
parallelism which it is the object of microscopic examination to observe. 

In the preceding papers * on " Take-up in Twisted Threads '' I have 
shown that the relation which exists between length and twist in a thread 
is expressible in the form 

L = i(l-fcr2), 

where L is the length of twisted thread. 

I „ „ untwisted thread. 

X „ turns of twist per inch. 
A; is a constant. 

Evidently the thread is longest when the twist is zero. This is true 
with every description of single thread, irrespective of its process of manu- 
facture. To devise some form of apparatus which will utilise this property 
is all that remains to be done. 

The apparatus which I have designed for the purpose is shown in fig. 1. 
A represents ten inches of single thread, which is stretched between clamps 
B and C. B is carried on the end of a bar, which can be rotated on its 
axis through toothed wheel N by turning wheel M. 

The number of turns are registered on dial T, to which motion is com- 
municated by worm W carried on the rotary bar. The other clamp C is 
carried on the shorter arm of a light brass bell-crank lever pivoted at G. 
The pointer of the long arm F can move along scale S, thus indicating any 
change in the length of the thread. The method of conducting the experi- 
ment is as follows : — Take the length of thread such as will cause the pointer 
to come opposite the top of the scale ; read the twist dial. Turn wheel M 
so that clamp B rotates in the opposite direction to the twist in the thread. 
Observe the lowest point on scale S to which lever F dips ; this point will 
be reached when the thread is untwisted. Read the twist dial again ; the 
difference of the readings will give the turns of twist in the length of 
thread under test. 

It will be seen from the graph in fig. 2 that the point at which the 
thread is untwisted gives a stationary value for the length. 

There is scarcely any difference on the length for a number of turns on 

♦ ** The Relation between Take-up and Degree of Twist in Twisted Threads," Proc. 
Roy, Soc. Edin,, 1906, vol. xxvi., part iii., pp. 182-206. " The Relation between Take-up 
and Yam Number for constant Twist in Twisted Threads," Proc. Roy, Soc. Edin., 1906, 
vol. xx\'ii., part ii., pp. 93-106. " The Relation between Take-up and Degree of Twist in 
Twisted Threads with Singles of unequal Sizes," Proc, Roy, Soc, Edin., 1906, vol. xxvii., 
part ii., pp. 107-116. 
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both sides of the zero twist. It would therefore be impossible to determine 
the point of maximum length with sufficient accuracy. The following 
modification of the experiment will, however, meet all requirements. 

In fig. 2 the lengths of thread are plotted as ordinates, and correspond- 
ing degrees of twist as abscissae. The zero position O is unknown. Let A 
on the axis of x represent x, the turns of twist in the thread, an unknown 
number. Take off a convenient number of turns from the twist of the 
thread, say a, so that the twist can now be represented by point B in the 
diagram. Read the position of the pointer on scale S (fig. 1), and also the 
twist dial. Then turn wheel M quickly in the same direction as before, the 
observer keeping his eye fixed on scale S. The pointer will dip down, 
remain practically stationary for a little, then rise up again, — when the 




t^ Aa.-_|- 



A 
a - -* 



Fig. 2. — New Method of ascertaining Twist in Threads. 

pointer comes back to the position on the scale which indicates that the 
thread has the same length as it had with x — a turns. Let the degree of 
twist be now represented by point C in fig. 2, and that BC = 6 turns. 

Then the zero position lies half-way between B and C and .*. a; = a+- . 

This method is founded on the principle that x turns of inverse twist 
produce the same contraction in a single thread as x turns of direct twist. 

The reason that the twist must be changed quickly through the zero 
position is that the untwisted thread can stand very little stress, and the 
prolonged action of even the light lever F on the thread would produce an 
elongation due to tension which would falsify the reading on the scale. 
The number of turns to bring the pointer back to the same position on the 
scale would be greater than if there had *been no stretch due to tension in 
the thread. 

Another method of determining the twist may be arranged with the 
same form of apparatus provided with a heavier lever F. The twist is 
thrown out until the thread breaks. 
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I have shown in a paper on the " Influence of Twist on the Strength of 
Threads " * that a thread has much the same strength throughout the first 
turn per inch or so of twist, and afterwards becomes rapidly stronger. 
The difference of the readings on the twist dial, with probably a turn per 
inch added, would give the degree of twist in the thread. This method is 
not nearly so accurate as the first described, because the period of approxi- 
mately constant strength may vary from a half to even two turns per inch, 
depending on the various properties of the yam. The weight of lever F 
would require to be adjusted so as to produce the breaking tension for the 
untwisted thread, and no more. 

The author has pleasure in acknowledging his indebtedness to the 
Carnegie Trust for the Universities of Scotland for financial assistance in 
this research work. 

* Proc. Roy. Soc. Edin.j 1907, vol. xxvii., part. iii. 
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XXVII. — The Composition of Terrigenous Deposits. By F. W. 
Clarke, D.Sc, LL.D., Chief Chemist, U.S. Geological Survey. 
Communicated by Sir John Murray, K.C.B., F.RS., etc. 

(Read July 8, 1907. MS. received July 10. 1907.) 

For purposes of comparison with the analysis of a composite sample of 
Red Clay recently published in the Proceedings* 1 have received from 
Sir John Murray a composite of fifty-two " terrigenous " clays, dredged up 
from oceanic depths ranging from 140 to 2120 fathoms. In the nomen- 
clature of the Challenger Expedition, forty-eight of the individual samples 
are classified as " blue muds," and four as " green muds." Twenty-three of 
the clays were collected by the Challenger ; the others were brought in 
from voyages of the Buccaneer, Dart, Egeria, and Rambler. The range of 
collection, as in the case of the " red clay," was world-wide, and all of the 
great oceans are represented in the composite sample. The results of 
analysis appear in the following table : — 



2j 



SiO.^, 
TiOg, 
AI2O3, 

OrA, 
Fej03, 

FeO, 

MnO 

MgO, 

CaO, 

SrO,. 

BaO, 

KA 
NaoO, 

vA. 
so 



CI, . 
CuO, 

C, . 
HjOat 105 
HgO above 105°, 



Less = CI, 



A. 



46-64 

1-04 

1408 

•044 
414 
1-88 
•10 
195 
7-20 
026 
•05 
1-84 
2-98 
•028 
•17 
4-05 



B. 



■14 



•18 
•38 



212 



•32 


•32 


•11 


1 


2-25 


2-25 


•016 


■ • • 


r38 


• • • 


, 4-73 


• • ■ 


5-86 


• • • 


100-883 


* « ■ 


' ^56 

1 


... 


100-323 


• • • 



c. 



5709 

1^27 

17 24 

•05 

5^07 

2-30 

•12 

2^17 

2 04 

•03 

•06 

2-25 

1-05 

-03 

•21 



13 

• • • 

•02 
r69 

• « * 

718 



100-00 



* Proc. Roy. Soc. Edin,^ vol. xxvii., pp. 167-171. 
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A. General analysis by Mr Steiger. 

B. Portion soluble in water. 

C. Analysis reduced to standard form by rejecting soluble salts, calcium 
carbonate, and hygroscopic water, and recalculation of the remainder to 
100 per cent. 

Molybdenum and zirconium were not detected. Nickel, cobalt, lead, 
zinc, and arsenic, which were reported in the red clay, were not looked for. 
Apart from these trivial omissions, the red and terrigenous clays are fairly 
comparable. The red clay is lower in silica and alumina, but higher in 
iron than the muds, and other minor differences appear. The high 
manganese of the red clay may be correlated with the abundance of 
manganese nodules in the greater oceanic depths. 



{Issued separately October 2, 1907.) 
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XXVIII. — A Preliminary Note on the Optical Rotations (through- 
out the Spectrum), the Electrical Conductivities, and the 
Densities of Mixtures of Sodium-Potassium-Tartarate and 
Ammonium-Molybdate in Aqueous Solution. By James 
Robert Milne, D.Sc, Carnegie Research Fellow in Physics. 

(MS. received June 14, 1907. Read July 8, 1907.) 

I. Introduction. 

It has long been known that the rotative power of certain optically active 
salts in aqueous solution is greatly, and in some cases enormously, changed 
by the addition of certain non-active salts. Of late years a good deal of 
work has been done on this subject,* and a considerable amount of data 
has been collected; but, generally speaking, little explanation has been 
obtained of the precise causes of the observed phenomena. In some cases 
at least the reason for this no doubt lies in the fact that in such solu- 
tions there exist complicated molecular combinations, about which it may 
not be easy to obtain ordinary chemical evidence. This, however, only 
makes it the more important that we should utilise to the fullest extent 
such means of investigation as are readily available, and of these none is 
so good as that of optical activity. 

It seemed to me, therefore, that it would be well to try what could be 
done to extend the use of tliis method of investigation, by measuring the 
rotations of a few of these solutions not only for D light, but also for 
light of a number of other wave lengths chosen at intervals throughout the 
spectrum. In this way a great deal of additional optical information 
would be obtained ; for the usual method only, as it were, runs a single 
traverse over the unknown country whose topography is to be explored. 

Of course in some cases it has been found that this procedure is 

sufficient, and that, given the rotation of a substance for one wave length 

of the spectrum, the rotation for any other wave length can be deduced 

from that of the first by the use of a mathematical formula. Quartz is a 

very good example of this, for its observed rotations all fit very accurately 

A B 
into Boltzmann's formula a = — ^-h— r. On the other hand, however, there 

X^ X* 
were early discovered cases of strikingly abnormal rotation-dispersion ; for 

* References, and a good summary of the chief results, may be found in H. Landolt's 
Dm Optische Drehungsverm&gen (second edition). 
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instance, the case of aqueous solutions of tartaric acid, in which the 
maximum rotation is found as usual at the violet end of the spectrum 
when the solutions are weak, but becomes displaced at greater concentra- 
tions, and, travelling along the spectrum, finally arrives at the red end. 
Such abnormal cases show that the information to be obtained from 
spectro-polarimetry will by no means be necessarily a repetition of, or 
mere variant on, that which can be obtained by polarimetry alone. 

The present note is only of a preliminary nature, for the purpose of 
giving a first instalment of data ; for it has been found that already certain 
interesting conclusions may be established. 

11. Description of the Experiments. 

The active and the inactive salts employed were respectively sodium- 
potassium - tartarate and ammonium - molybdate, and both were of 
Kahlbaum's manufacture. The solutions were prepared by weighing out 
the required quantities of the two salts, and placing these quantities in a 
graduated flask, which was then filled up to the mark with distilled 
water at 25' C. The flasks employed were specially graduated by myself, 
so as to give true indications at the temperature mentioned, which is that 
at which all the measurements were carried out. 

The method of experiment was as follows. Each solution was made up 
to always be a third normal as regards the tartarate, and some simple 
fraction of a third normal as regards the molybdate. Each solution was 
measured not only for its optical rotation at various parts of the spectrum, 
but also for density and for electrical conductivity, separate portions being 
always set aside for each purpose. The object of the two latter kinds of 
measurement was to obtain if possible other indications of the changes in 
the solution, with a view to comparing them with the optical indications. 

In carrying out the work the following order of solutions was observed. 
First of all a J N solution of the tartarate alone was made up and measured. 
Then a solution was made up containing ^ N tartarate and ^J N molybdate 
and similarly measured. The next solution contained J N tartarate and 
i*J N molybdate, and so on ; the successive concentrations of molybdate in 
terms of J N being 0, ^, J, |, f , and 1. 

1. TJie Density MeaaureTrtents. 

Little requires to be said about these. Ostwald's form of Sprengel 
pyknometer was employed. It was filled with the solution and placed in a 
thermostat bath at 25° C. until no further movement was observed on the 
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part of the liquid in the stem. It was then adjusted, wiped dry, and 
weighed. The resulting densities were found to be — 



Concentration of the 
Molybdate in the Solution. 


Density of the 
Solution at 26' C. 





1-0260 
1-0318 
10414 
1-0598 



These are plotted in fig. 1. 

A test of the accuracy of the measurements is afforded by comparing the 
figures obtained in two completely independent experiments which were 
made on one of the solutions. The first experiment gave the density as 
1*03178, the second as 1*03180, a result which seems very satisfactory. 
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Fig. 1. 



2. The Conductivity Measurements, 

These were carried out by Kohlrausch's method. The solution was 
<5ontained in a U tube also placed in a thermostat bath. The metre wire 
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bridge was carefully calibrated beforehand against a standard box of coils, 
as also were the comparison resistances. The latter took the form of three 
coils of 100, 200, and 400 ohms resistance respectively. In every case three 
different combinations of these coils were made — by means of a mercury 
key — and the three measurements so obtained were never found to differ by 
more than a unit in the third significant figure. The connections between 
bridge, coils, and U tube were made with heavy copper wires whose 
resistances had been found to be negligible on measurement. To ensure 
correctness of temperature in the case of the solution, the final readings 
were not made until the U tube had stood for half an hour or so in the 
bath, and had thereafter given identical readings on two occasions 
separated by a considerable interval of time. The resistance constant of 
the cell was measured by means of a N/50 KCl solution. The electrical 
measurements gave the following results : — 



Concentration of the 

Molvbdate present in the 

Solution terms of N/3. 

1 


Molecular 

Conductivity at 

25'* C. 




1 

■ r 
1 


92-2 
100 
110 
117 
134 



These are plotted in fig. 1. 



3. Rotation Measurements, 

The instrument used for the rotation measurements was a special formj 
of spectro-polarimeter invented by myself, the cost of which was defrayed 
by a grant from the Carnegie Trustees. The solutions were contained in a 
jacketed glass tube 4986 cm. long, through the jacket of which a constant 
stream of water was passed, that had previously been made to traverse long^ 
coils of tubing immersed in a special thermostat bath. The temperature 
regulation of the tube was not quite so satisfactory as could have been 
wished. A difference of about 0°*4 C. existed between the two ends of the 
polarimeter tube, as measured by thermometers let down branch tubes, 
into the solution. It was also found difficult to keep the mean tempera- 
ture exactly the same in successive experiments, as will be seen from the 
figures attached to each set of measurements. 

The dispersion prism of the instrument was calibrated by the employ- 



1906-7.] 



Optical Rotation of Two Salts. 



275 



ment of H and He vacuum tubes, and by the use of Na, Sr, Th, and Li salts 
in a Bunsen flame. The results were as follows : — 



the 



Reading of telescope scale, 
Mean wave length, 
Longest wave length in 

transmitted light, . 
Shortest wave length in thel 

transmitted li^ht, . . . J 
The consequent impurity, . 
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160 
666 
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The settings of the Nicol prism of the instrument were automatically 
recorded by the author's photographic recorder, to be subsequently described, 
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the expense of which was met by a grant from the Carnegie Trustees: a 
plan which was found to greatly facilitate the work. The zero positions of 
the Nicol were ascertained with the polarimeter tube in place and filled 
with distilled water at 25° C, and thereafter the end discs of the tube were 
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never unscrewed, so as to ensure that the zeros would remain constant 
during the subsequent measurements. 

At each selected point in the spectrum nine settings of the Nicol were 
made, and the mean taken. As regards the accuracy of these measurements 
two considerations come in. 

A large rotation makes the observer's error in setting the Nicol pro- 
portionally of less account. But then, on the other hand, a large rotation is 
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Fig. 3. 



usually accompanied by a large dispersion, which has the etfect of somewhat 
increasing the observer s error. 

I have accordingly calculated the probable error of the settings of the 
Nicol in two different cases. In the first of these the rotation dispersion 
was zero, the polarimeter tube containing water only; in the second it 
was large. The results are respectively 0'*458 and 2'*46. The latter 
probable error is that obtained from the nine settings made at X = 515 on 
the strongest of the solutions. As the measui'ed rotation in this case was 
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277''-42, it follows that the percentage probable error of the measurement 
in this case is equal to 0770^^— =0*0148 per cent. 

The rotation results are as follows (see also figs. 2 and 3) : — 
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Where "A" is the temperature of the solution after the rotation 

measurements. 
"B" is the temperature of the solution before the rotation 

measurements. 
" I " is the temperature of the solution at the end of the tube 

at which the heating water entered. 
" O " is the temperature of the solution at the end of the tube 

at which the heating water left. 

iN^o^.— The measurements were always made in regular order through the spectrum 
from red to violet. 



278 Proceedings of the Royal Society of Edinburgh. [Seas. 

The values of the rotation-dispersion were obtained by taking the 
differences of the " Es " and the " Xs " in the above table : the " Xs *' given in 
the table below are the means of the former " Xs " for an obvious mathemati- 
cal reason. 
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III. Discussion of the Observations. 

On examining figures 1, 3, and 4 it will be seen that an increase in 
the concentration of the molybdate salt produces an increase in the density, 
conductivity, rotation, and rotation-dispersion of the J normal tartarate 
solution. Further, it will be noted that whereas these curves are in general 
concave to the concentration axis, for a short distance in the neighbourhood 
of concentration ^ they are in every case convex. Such unanimity is no 
doubt significant. 

Another point of interest is as follows. The original tartarate solution 
has its rotation-dispersion governed approximately by the simple law, 
(Rotation) x (Wave-length) ^ a constant. This is brought out in the 
.subjoined table. There is also given there, for the sake of comparison, the 
figures obtained in a similar way for the other solutions, and it will be 
seen that the addition of the molybdate in general causes departure from 
the above law. It will be noted, however, that whereas the value of aX^ 
decreases with increase of X in the case of solutions (^), (J), and (f), it 
increases for solution (1). Hence there is probably some concentration 
lying between (f ) and (1) for which the law once more holds. 
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As regards the rotation dispersions plotted in figure 4, the convexity of 
all the curves near concentration (|) has already been pointed out. It is 
possible that the existence of a maximum in all the curves between (f ) and 
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(1) may be connected with the fact that between these two concentrations 
we probably have a\^ = const. 

Any attempt at explanation of the underlying causes of these very 
interesting phenomena is probably best postponed until further data 
become available. 

It remains to express my best thanks to Professor Clifton for his 
kindness in granting me facilities for carrying out the above research in 
the Clarendon Laboratory, Oxford. 



(Issued separately October 3, 1907.) 
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XXIX.— Degenerations following Experimental Lesions in the 
Motor Cortex of the Monkey. By Sutherland Simpson, M.D., 
D.Se., and W. A. Jolly, M.B. {From the Physiological Laboratory, 
University of Edinburgh,) Communicated by Professor E. A. 

SCHAFER, F.RS. 

(MS. received July 5, 1907. Read July 15, 1907.) 

The object of the present research was to follow, by the degeneration 
method, the course of the fibres proceeding from definite and limited areas 
of the motor cortex, and to determine to what extent there is a grouping 
or localisation of the fibres of the pyramidal tract at different levels in the 
brain and spinal cord. 

The statement given in most text-books of anatomy and physiology 
that such a grouping exists in the internal capsule is based mainly upon 
experimental evidence obtained by Beevor and Horsley * in the macaque 
monkey and in the orang-outang. These observers found that on elec- 
trically exciting the capsule in transverse section no motor response could 
be obtained from the anterior limb or lenticulo-striate portion, but that 
the genu and the thalamo-lenticular portion of the posterior limb were 
excitable, and that definite movements were called forth by the stimulation 
of definite areas within these parts. From before backwards they found 
the fibres to be arranged in the following order: — farthest forward are 
situated those which control the movements of the eyes, then come those 
for the opening of the mouth, next those governing the movements of the 
head and eyes, and behind these the fibres for the tongue and the angle 
of the mouth. Just posterior to these lie the fibres for the anterior limb 
in the following order, — shoulder, wrist, fingers and thumb ; behind these 
come the trunk fibres, and most posterior of all those for the hind limb 
in the order of hip, ankle, knee, hallux, toes from before backwards. 
According to these observers, therefore, the arrangement of the fibres in 
the internal capsule is a reproduction of that of the areas on the cortex 
from which they arise, as determined by them.t The fibres situated at 
the genu of the capsule, i.e. farthest forward, come from the lowermost 
region of the motor cortex, behind them those from the middle region, 
and most posteriorly those from the uppermost portions of the motor area. 

* Beevor and Horsley, Phil. Trans, Roy. Soc. Lond., vol. clxxxi. B. (1890), p. 129. 
t Beevor and Horsley, loc. ctt. (see fig. 7 in their paper). 
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By the degeneration method Melius * found that fibres from the hallux 
and thumb centres, after passing through the corona radiata, enter the 
internal capsule towards its posterior extremity, while those from the face 
area enter it at its anterior extremity. As they pass downwards the leg 
and arm fibres become displaced forwards, while those from the face area 
are displaced backwards, imtil in the lower levels of the capsule the fibres 
from all three areas are crowded together in the middle third of the posterior 
limb. In the movement of the facial fibres backwards between the upper 
and lower planes of the capsule at a certain level they will be found at the 
genu, the position which they are usually said to occupy, but above this par- 
ticular level they are in front of, and below it they are behind, the genu.t 

In the cerebral peduncle the area occupied by the fibres of the pyramidal 
tract { in transverse sections is variously given by different authorities, 
and also the relative positions of the fibres amongst themselves. They are 
often described as occupying the middle third of the crusta, the leg fibres 
lying most external, the face fibres most internal, and the arm fibres 
between. Van Gehucht/cn § ascribes to them the middle three-fifths of the 
crusta. Stanley Barnes, !l in several cases where the whole of the fibres 
from the Rolandic area had been interrupted, found that the fibres 
in the middle region of the crusta were all degenerated ; the inner two- 
fifths (the fronto-pontine region) and the outer one-sixth (the temporo- 
pontine region) were in the main free, but the distinction between the 
degenerated and the undegenerated regions was not sharp, the two sets 
of fibres intermingling at the junction. 

In the monkey. Melius IT found that the pyramidal fibres take up the 
middle third of the crusta, and that the face fibres are mixed up with those 
from the leg and arm areas and do not occupy a space to themselves mesial 
to the latter. 

Regarding the arrangement of fibres in conducting tracts generally in 
the spinal cord Shemngton ** in 1893 pointed out that for the ascending 

* MelluB, Proc, Rmj, Soc, Lond, (1894), vol. Iv. p. 208, and (1895) vol. Iviii. p. 206. 

t In the literature the term " internal capsule " is very loosely applied. In every case 
where a lesion or degeneration of the capsule is described its exact horizontal level should 
be given. 

J Strictly speaking, the term " pyramidal tract " should be applied only to those fibres 
which pass to the spin«d cord and govern the movements of the trunk, arm and leg, but by 
most writers it is used in the most comprehensive sense, and includes all the projection 
fibres arising from the motor cortex. 

§ Van Gehnchten, Systhne nerveux de Phomme, 4th ed. (1906), p. 907. 

II Stanley Barnes, Brain, vol. xxiv. (1901), p. 464. 

IF Melius, loc, cil. 

♦* Sherrington, Jour, of Physiol., ^ol. xxiv. (1893), p. 298. 
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tracts the longer fibres tend to occupy a more peripheral position, the 
shorter fibres to lie nearer to the grey matter. Flatau* (1897) and 
others have found that a similar arrangement obtains both for the spino- 
cephalic and for the longitudinal commissural fibres terminating in 
the grey matter and uniting the different segments of the cord to one 
another ; those fibres which unite adjacent segments lie close to the grey 
matter, while those passing between more distant segments are situated 
nearer to the periphery of the cord. Sherrington and Laslett,t again, in 
1903 sKowed that the fibres of the direct cerebellar tract of Flechsig are 
arranged in definite strata, those from the post-thoracic region of the cord 
lying outermost, those of most anterior origin lying innermost, and fibres 
of intermediate origin forming intermediate strata. 

In view of the observations above recorded (and many more are to 
be found in the literature corroborative of these), it might naturally be 
supposed that the same arrangement would be found in the fibres of the 
descending tracts of the spinal cord, particularly in the pyramidal tract, 
the largest and most important of these, and it has been stated by Gad 
and Flatau J that such is the case. These observers, adopting the direct 
excitation method, such as was employed by Beevor and Horsley in 
the case of the internal capsule, divided the cord transversely in the 
cervical region below the origin of the phrenics, and stimulated with 
the faradic current the freshly made cross section of the caudal portion 
within the area of the crossed pyramidal tract. They used in their 
experiments large dogs. They came to the general conclusion that the 
fibres innervating the forelimbs and upper segments of the body lie 
nearer to the grey matter than those which supply the hindlimbs 
and lower segments. This would appear to agree with the above-men- 
tioned law for the ascending and intemuncial fibres of the cord, viz., that 
the short fibres run nearer the grey matter, the long fibres nearer the 
periphery. 

Ziehen § is quoted by them as having come to a somewhat different con- 
clusion by the degeneration method. In dogs which had been operated 
on by H. Munk, he found that after extirpation of limited portions of the 
motor cortex the degenerated fibres from the forelimb area in the upper 
cervical region lay nearer the grey matter, while those from the neck 
area were placed outside them, nearer the periphery. There was differentia- 

♦ Flatau, Sitz. der konigl pretbss. Akad. d. Wissen, zu Berlin, 1897. 
t Sherrington and Laslett, Jour, of Physiol., vol. xxix. (1903), p. 191. 
t Gad and Flatau, Neur. Cent, 1897, p. 481. 
§ Ziehen, Archivf, Psychiat, 1887, p. 300. 
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tion of the fibres, but the arrangement was different from that found by Gad 
and Flatau. 

Sherrington,* on the other hand, in the monkey, found only slight 
evidence of any localisation of fibres within the pyramidal tract in the spinal 
cord. After extirpation of the more mesial and anterior parts of the 
motor cortex (leg and trunk areas presumably), the most marked degenera- 
tion of the crossed pyramidal tract was to be found bordering the dorsal 
cerebellar tract, while, on the other hand, this region was only slightly 
affected when the extirpation was in the more lateral and posterior parts 
of the motor cortex (arm and face areas). Otherwise the degeneration 
was scattered uniformly over the whole field of the transverse section of 
the tract. 

Melius t found, similarly, that after lesions in the hallux and thumb 
centres the degeneration in the crossed pyramidal tract in the cord was 
evenly scattered over its entire area. The thumb centre, however, he 
located behind the fissure of Rolando, in the post-central convolution, — a 
region which is now believed to lie outside the motor area. 

Thus, according to those observers who have employed the physiological 
method of direct electrical excitation, there would appear to be a definite 
grouping of the fibres within the pyramidal tract in the internal capsule 
and in the spinal cord, corresponding to the grouping of nerve cells in the 
cortex from which these fibres arise. Tested by the anatomical or degenera- 
tion method, on the other hand, the statements are conflicting, and with 
regard to the spinal cord the majority of observers have found that no 
such grouping exists. 

Methods employed. 

In our experiments we have used monkeys — Macacus rhceaua chiefly — 
and a few specimens of callithrix. In each case the animal was com- 
pletely anaBsthetised with ether, the scalp, after being shaved and cleansed 
with carbolic acid and alcohol, was incised, a skin flap turned down, and 
a trephine opening made in the skull over the fissure of Rolando. This 
opening was then enlarged with bone forceps. After reflection of the dura 
and exposure of the cortex, the centre to be extirpated was located by 
stimulation with a weak faradic current, Sherrington's unipolar method 
being employed in the manner described by us in a former communica- 
tion.J A small portion of the cortex embracing the centre located was 

♦ Sherrington, Jour, of Physiol., vol. x. (1889), p. 429. 

t Melius, loc. cit, 

X Proc. Roy. Soc. Edin., vol. xxvii., pt. i, p. 64. 
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destroyed by a thermo-cautery, the depth of the lesion being presumably 
sufficient to cauterise the grey matter entirely without damaging the under- 
lying white matter to any appreciable extent. In some cases the lesions 
were more extensive, and involved the cortical area for the entire limb 
(arm or leg), and in one case the whole and in another almost the whole of 
the motor cortex, both on the lateral and mesial aspects. The extirpation 
was made on the left side in some instances, and on the right in others. 
After replacing the dura mater, the scalp wound was closed with horse-hair 
sutures and sealed with a collodion dressing. The operations were carried 
out with the strictest aseptic precautions, and in every case the wounds 
healed by first intention. 

The animals were allowed to live for a period of three weeks after the 
operation, during which time the symptoms following the lesions were 
observed and recorded. At the end of that time they were killed by an over- 
dose of chloroform, and the brain and spinal cord of each removed and placed 
in a large quantity of a 3 per cent, solution of potassium bichromate for three 
weeks, with frequent changing of the fluid. Before it was cut into slices 
to be stained by the Marchi method, the brain was photographed in order 
to show the position and the superficial extent and depth of the lesion. 

In staining, Busch's modification of the Marchi method was used in 
a few of our earlier cases, but in our experience the results obtained were 
not always entirely satisfactory, and subsequently we employed Van 
Gehuchten's modification of this method.* The fluid used by him consists 
of a mixture of a 1 per cent, solution of osmic acid and a 3 per cent, 
solution of potassium bichromate, in the proportion of 1 part of the former 
to 4 parts of the latter. The tissue is allowed to remain in the fluid for 
three weeks; better penetration is claimed for the weaker solution of 
osmic acid acting for a longer time, and this we found to be the case. The 
segments, after staining, were imbedded and cut in either coUoidin or 
paraffin, and sections were made at different levels extending from the 
corona radiata to the lower extremity of the spinal cord. 

Results obtained. 

As it has been shown by Sherrington f and by ourselves J that the 
directly excitable motor cortex in the monkey is less extensive than was 
formerly supposed, and as in all previous extirpations, so far as we know, 

♦ Van Gehuchten, Systhne nerveux de Phomme, 4th ed., 1906, p. 340. 

t Sherrington, The Integrative Action of the Nervous SysteTiij 1906, p. 297. 

+ Proc. Roy, Soc. Edin., vol. xxvii., pt. i., p. 64. 
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made with the object of involving the whole motor area, the ascending 
parietal convolution (which is now known to produce no motor response 
on direct excitation) had been included, we deemed it necessary, in the 
first place, to determine, in one animal, the extent of the degeneration 
following from destruction of the entire motor cortex on the lateral and 
mesial aspects of the cerebral hemisphere, without including the ascending 
parietal gyrus. This area includes practically the whole width of the 
precentral convolution, and extends from a line about 3 millimetres above 
the fissure of Sylvius over the border of the hemisphere on to the marginal 
convolution on its mesial aspect (fig. 1). The lesion wa« made on the 




Fio. 1. — Lateral aspect of right cerebral hemisphere. The area of 
total extirpation (exclasive of *'head and eyes") is included 
within the interrupted line. The shaded parts indicate the 
extent of the destmctive lesions of the leg, arm, and face areas 
respectively, while the circles represent the limited lesions made 
within these areas. 

right side. The animal was killed twenty-three days afterwards, and the 
brain and cord were treated in the manner already described. We shall 
first describe in detail the degeneration resulting from this total extirpa- 
tion, and this will serve, in position and extent, as a standard of com- 
parison for the localisation within the pyramidal tract at different levels 
from above downwards of the fibres proceeding from the limited lesions 
of the motor area of the cortex. 



Degeneration following Extirpation of the entire 

Motor Cortex. 

From the area of extirpation numerous fibres, coarse and fine, radiate 
into the subjacent white matter ; many of the fine fibres (association fibres) 
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pass to the neighbouring convolutions of the frontal and parietal lobes. 
No attempt was made to trace them to the cortex in the occipital and 
temporal lobes. A considerable number of fibres, mainly fine, cross through 
the corpus c^Ilosum to the opposite hemisphere, and many of these can 
be followed to the precentral convolution of that side. The coarse fibres, 
and also many of the fine, after crossing, turn downwards in the corona 
radiata, and probably pass into the internal capsule of the opposite side. 
Most of the coarse fibres, with a large intermixture of medium and 




Fio. 2. — H orizontal section through right cerebral hemi- 
sphere cutting fibres of internal capsule transversely ; 
upper level. This, and the subsequent figures, show 
the extent of the degeneration following total destruc- 
tion of the right motor cortex exclusive of the *' head 
and eyes " area. 

fine fibres, pass into the corona radiata of the same side, and can be 
followed downwards into the internal capsule. In the upper levels of the 
capsvle in horizontal sections* (fig. 2) the degeneration covers a wide 
area. This area extends from a point about the middle of the lentieulo- 
striate portion (corresponding to the anterior limb at a lower level) 
anteriorly, to a point a little behind the posterior extremity of the putamen 
posteriorly (fig. 2). The degenerated fibres are most numerous in the 
anterior half of the thalamo-lenticular portion of the capsule, gradually 
beconing fewer both behind and in front of this. There is a 

* The section described corresponds to a horizontal plane passing through the lenticular 
nucleus a little below its upper surface. It includes the head and a large part of the body 
of the caudate nucleus. 
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narrow zone bordering the optic thalamus, corresponding to the external 
medullary lamina of the thalamus, which shows an abundant fine degenera- 
tion, but contains fewer coarse fibres. Fine fibres are very numerous in 
the grey matter of the optic thalamus ; they terminate chiefly in the lateral 
nucleus. Some are found in the anterior nucleus, but practically none in 
the mesial nucleus. The grey matter of the caudate and lenticular nuclei 
are quite free. Only a very few of the coarse fibres are to be found in the 
capsule behind the posterior end of the lenticular nucleus, but the fine 
degeneration extends beyond that point. 

In the lower levels of the capsule the genu and the anterior limb are 
practically free from degeneration, both coarse and fine ; it is confined 




Fig. 3. — Internal capsule, lower level. 
C.N., head of caudate nucleus. 
O.T., optic thalamus. 01., clau- 
strum. 

entirely to the posterior limb, and does not extend much behind the 
posterior extremity of the lenticular nucleus (fig. 3). The fine fibres are 
less numerous than in the higher levels of the capsule, but they are very 
abundant amongst the nerve cells in the lateral nucleus of the thalamus. 
In this section the posterior commissure is cut through longitudinally, but 
no fibres can be seen to pass across it to the other side. The degeneration 
shows the greatest concentration about the middle of the thalamo-lenticular 
portion of the posterior limb. On the external (lenticular) aspect of the 
capsule a few detached bundles of fibres radiate outwards, but they 
cannot be traced to their destination. No degeneration is visible in the 
grey matter of the lenticular nucleus towards which these bundles are 
directed. 

In sections through the viid-brain at the level of the third nerve root 
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In the middle (fig. 5) and lowermost regions of the pons these smaller 
bundles on the lateral, ventro-lateral, and mesial aspects gradually dis- 
appear, and the degeneration becomes more uniformly scattered throughout 
the central and larger bundles, which at the lowest levels are reunited into 
a single fasciculus just before it passes into the medulla oblongata to form 
the anterior pyramid. 




Fig. 5. — Transverse section through 
middle of pons varolii. 

Throughout the pons, in all its levels, there is a very copious fine 
degeneration amongst the nerve cells of the nuclei pontis on all aspects 
of the pyramidal bundles. This fine degeneration is strictly confined to 
the side of the lesion, and does not extend beyond the median raphe. No 
degeneration is to be found in the fillet, and no fibres can be traced to 
any of the motor nuclei either in the pons or mesencephalon. 

In the highest levels of the medulla oblongata the transverse section 




Fio. 6. — Transverse section through upper 
part of medulla oblongata. 

of the anterior pyramid is oval in shape, being flattened antero-posteriorly,. 
but slightly below this, where the plane of the section passes through the 
upper extremity of the inferior olivary nucleus, it is roughly triangular, 
and from the sharp postero-mesial angle a few fibres can be seen to come 
off (fig. 6) ; they are directed backwards and inwards, and after crossing in 
the ventral part of the median raphe they are lost in the f ormatio reticularis 
of the opposite side. These continue to come ofl*, not in bundles, but a& 
single fibres, and to take the course described, throughout the whole upper- 
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half of the medulla oblongata until the true decussation of the pyramids 
begins. The degeneration in the pyramid is dense, and is scattered 
uniformly over its whole area. The line fibres have to a large extent 
disappeared, and have evidently terminated in the grey matter of the optic 
thalamus, substantia nigra and pons. 

The decuasation of the pyramids is first observed in sections passing 
through a plane slightly below the level of the lower end of the inferior 
olivary nucleus, in the closed part of the medulla oblongata. The fibres 
leave the postero-mesial angle of the pyramid in bundles, and passing 
backwards, inwards and downwards, cross the raphe, interlacing with 
similar bundles of normal fibres from the soimd side. They can be traced 
through successive sections, and are seen to pass obliquely downwards 
through the formatio reticularis until, at the junction of the bulb and 
spinal cord, they take up a position in front of the substantia gelatinosa 




Fig. 7. — Transverse section 
through lower part of medulla 
oblongata ; middle of pyra- 
midal decussation showing 
homolateral fibres passing to- 
wards side of lesion. 

of Rolando.* About midway between the beginning of the decussation 
and the jimction of the medulla oblongata and cord (fig. 7) a few separate 
fibres can be seen to turn off from the bundles which are about to cross 
the raphe, and to pursue a course on the side of the lesion exactly similar 
to that just described for the crossed fibres. As the sections are followed 
downwards these homolateral fibres are given off from the degenerated 
pyramid in increasing numbers, and at the lower limit of the decussation 
the ratio of the crossed (heterolateral) to the uncrossed (homolateral) is 
about 40 to 1, roughly speaking. All that now remains of the degenerated 
anterior pyramid is a thin lamina of fibres lying along the border of the 
anterior median fissure in its posterior half. It can be traced well into 
the first cervical segment, where it disappears. It represents the direct 
(anterior) pyramidal tract in man and the anthropoid apes. In the first 
cervical segment there are thus three pyramidal tracts — crossed, direct 

* The whole of the lower half of the medulla oblongata was cut and mounted serially, 
not a single section being missed. 
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lateral and direct anterior ; below this there are only two. There is no 
evidence of any direct ventro-lateral pyramidal tract like that described 
by Barnes in the human subject, and nothing corresponding to Pick's bundle 
is to be seen. 

In tlie \8t cervical segment of the spinal cord (fig. 8) the crossed 
pyramidal tract occupies an extensive area in the posterior part of the 
lateral column. It lies in front of, and in contact with, the substantia 
gelatinosa of Rolando, extending from the grey matter to the peripherj' 
of the cord. A few scattered degenerated fibres are seen in the dorsal 





Fig. 8. — First cervical segment of 
spinal cord. 



Fio. 9.— Fifth cervical. 





Fio. 10. — Seventh cervical. Fig. 11. — First thoracic. 

cerebellar tract, which is at this level beginning to* separate itself from 
the ventral cerebellar tract and to enter into the formation of the restiform 
body. The fibres are arranged in small bundles close to the grey matter, 
but elsewhere they are uniformly scattered over the whole area, and 
cannot be said to be more numerous at one part than at another, except 
anteriorly, where the degeneration shades oif into the white matter. 

In the 5th cervical segment (fig. 9) the position and area occupied by 
the degeneration is practically the same as in the first cervical segment. 
The dorsal cerebellar tract extends farther forwards along the margin 
of the lateral column, and comes in between the periphery of the cord and 
the area of degeneration in its posterior half, but in front of this the 
degeneration reaches quite to the margin of the lateral column. 
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In the 7th cervical segTnent (fig. 10), and more so in the 8th, the dorsal 
cerebellar tract extends farther forward still, and separates the crossed 
pyramidal tract from the periphery almost completely, but many fibres 
can be seen detached from the main mass invading the area of the cere- 
bellar tract, particularly at its anterior extremity. In these segments the 
area of degeneration no longer abuts against the grey matter; a clear 
space intervenes between. Through this many degenerated fibres can 
be seen to extend forwards and inwards, and to enter the grey matter 
at the base of the posterior horn, and in this region of the grey matter 
an abundant fine degeneration is evident. The contrast is marked between 
this region and that of the opposite side, in which there is no fine 
degeneration. In transverse sections these fibres which enter the grey 
matter are cut obliquely, but in longitudinal sections they can be seen 





Fio. 12.— Sixth thoracic. 



Fig. 13. — Tenth thoracic. 



to come off from the main mass of fibres and to follow a slightly downward 
course before passing into the grey matter. 

In the let thoracic segment (fig. 11) the area of degeneration has greatly 
diminished ; it is almost completely cut off from the periphery by Flechsig*s 
tract — more completely than in the cervical region — and fibres cut obliquely 
are seen to pass into the grey matter, to form there a copious fine degenera- 
tion, as in the cervical enlargement. 

In the mid and louver thorax^ic segments — the 4th, 6th, and 10th seg- 
ments were examined — (fig. 12), these fibres are not visible, and the amount 
of fine degeneration in the grey matter is very slight. The area of de- 
generation slowly diminishes in sections from above downwards, gradually 
coming nearer to the surface, until in the 10th thoracic segment (fig. 13) 
it touches the periphery of the cord in front of the postero-lateral fissure. 

In the lumbar enlargement (figs. 14 and 15) — sections from the 3rd and 
5th lumbar, and from all the sacral segments were examined — the degenera- 
tion lies close to the periphery at the posterior part of the lateral column, 
just in front of the entering posterior root ; it rapidly diminishes in success- 
ive sections from above downwards. The homolateral fibres can be traced 
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as far as the 4th sacral segment (fig. 16) and the crossed (heterolateral) 
tract, to the first coccygeal segment. Fibres entering the grey matter can 
be seen in the lumbar region, as in the cervical enlargement, ending in 
fine degeneration in a similar position. 

The ratio of the heterolateral to the homolateral fibres remains about 
the same in the different levels of the spinal cord from the upper cervical 
to the lower sacral region ; it is approximately 40 to 1 in this particular 
animal. An eyepiece micrometer ruled in squares was used to estimate the 
number of degenerated fibres in the two respective areas, but no great 
degree of exactitude can be claimed for the enumeration. The area of 
degeneration and the number of degenerated fibres diminishes most rapidly 
from the 6th cervical to the Ist thoracic segment, and again from the 3rd 
lumbar to the 1st sacral segment. In all sections of the spinal cord 
numerous sound fibres are scattered amongst the degenerated ones. 





Fio. 14. —Third lumbar. 



Fig. 15.— Fifth lumbar. 




Fio. 16.— Fourth sacral. 

In all sections examined above the spinal cord a few degenerated fibres 
are found in the area of the pyramidal tract on the side opposite to that 
of the lesion. They diminish from above downwards both absolutely and 
relatively to those of the other (homolateral) side, until in the anterior 
pyramid, just above the decussation in the medulla oblongata, only six or 
eight can be counted. In the internal capsule the proportion of fine to 
coarse fibres is greater than in the crusta and pontine bundles. The fine 
degeneration ends chiefly in the adjacent lateral nucleus of the optic 
thalamus. 

In another animal an attempt was made to cauterise the whole motor 
area, but on the post-mortem examination it was found that the cortex 
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on the mesial aspect of the hemisphere had been only slightly involved in 
the lesion. The degeneration, however, was found to be almost as exten- 
sive as in the first case, and to show practically identical features, so that 
a description of this second case is not necessary. 



Degeneration following Lesions in the Leg Area. 

We first extirpated the whole leg area without encroaching on the 
arm and trunk areas. This included the upper portion of the precentral 
convolution above the superior genu of the fissure of Rolando on the 
lateral aspect, with a corresponding portion of the marginal convolution 
on the mesial aspect of the hemisphere (fig. 1). The lesion was made on 
the right side. 

In the internal capsule the degeneration occupies the posterior half or 
three-fourths of the thalamo-lenticular portion of its posterior limb, its 
anterior extremity not reaching to the genu (figs. 2 and 3). The retro- 
lenticular portion of the posterior limb is not free from degeneration, but 
it consists mainly of fine fibres. There is an abundant fine degeneration 
in the lateral nucleus of the thalamiLS, as in the other cases examined. 

In the Trteaeticephalon the main mass of degeneration lies in the inner 
portion of the lateral half of the crusta (fig. 4). The mesial half is free, 
but the outer portion of the lateral half contains a few degenerated fibres. 
The point of greatest concentration lies somewhat on the mesial side of 
the junction of the outer and middle thirds, and from this the degenera- 
tion shades off" on either side. On the posterior aspect of the degeneration 
in its outer portion there are a few small detached bundles of degenerated 
fibres, and a considerable number of single fibres pass backwards through 
the substantia nigra (in which some of them end) into the tegmentum, 
but they cannot be traced very far, and there is no fine degeneration in 
the anterior colliculus. 

Throughout the pons the area covered by the degeneration is practi- 
cally the same as that already described after extirpation of the entire 
motor region, except that the degenerated fibres are less numerous. The 
lateral and mesial bundles are not free, but they contain fewer fibres than 
the middle bundles. Along the anterior margin of the mesial fillet a few 
scattered fibres are to be seen ; these may represent the accessory fillet of 
von Bechterew described by Hoche, Barnes, and others in the human subject. 

Below the pons, in the medulla oblongata and spinal cord the degenera- 
tion is evenly scattered over the entire area of the anterior pyramid and 
crossed pyramidal tract. A slightly greater proportion of fibres remain 
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on the homolateral side than in the case of total extirpation. The only 
noteworthy point is the fact that although the cortical lesion was limited 
to the leg area, a few fibres can be seen to enter the grey matter of the 
cord in the cervical enlargement, and the motor tract suffers some loss as 
it traverses this region. In the thoracic region the diminution in the 
number of fibres is very slight, but in the lumbar region they disappear very 
rapidly, and can be seen to enter the grey matter and to terminate in a 
copious fine degeneration at the base of the posterior horn. The crossed 
tract can be traced to the last sacral segment, and the homolateral fibres 
end one or two segments higher up. 



Degeneration following Extirpation of the Arm Area. 

The lesion does not include the whole arm area, that portion of the 
cortex next to the body area having escaped injury (fig. 1). Association 
and commissural fibres are found radiating from the region extirpated; 
these consist mostly of fine fibres, the great majority of the coarse fibres 
mixed with fine passing into the corona radiata, and thence to the internal 
capsule. In the upper regions of the capsule they extend farther forward 
than the fibres from the leg area, intermingling with the latter posteriorly, 
but in the lower levels the fibres from the two areas overlap to a 
great extent. A large proportion of the fine fibres end in the optic 
thalamus. 

In transverse sections of the mid-brain through the anterior corpora 
quadrigemina (fig. 4) the degeneration occupies about two-fifths of the 
crusta, the mesial fifth and lateral two-fifths containing only a few 
scattered fibres, but these are more numerous in the former than in the 
latter. The area of densest degeneration lies distinctly on the mesial 
side of the middle point of the crusta, and from this it fades away on 
either side. Some fine degeneration can be seen in the substantia nigra 
behind the crusta, but no fibres can be traced into the tegmentum. 

Throughout the pons and medulla oblongata the degeneration is very 
similar to that already described for the leg area, differing from it only in 
a few minor details. The mesial (fronto-pontine) and lateral (temporo- 
pontine) bundles in the pons contain only a few scattered fibres, and 
some isolated fibres are to be seen along the anterior margin of the mesial 
fillet, but they are not intermixed with the fillet fibres. In the medulla 
oblongata the degeneration is scattered uniformly over the entire area of 
the pyramid, and after the decussation the proportion of crossed to un- 
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crossed fibres is about the same as that following extirpation of the 
entire motor area. 

In the spiriaZ cord most, but not all, of the fibres of both the homo- 
lateral and the crossed pyramidal tracts terminate in the grey matter of 
the cervical enlargement; a few can be traced to the lower end of the 
sacral region. This is a point worthy of note, because the lesion in this 
case certainly did not encroach upon the leg area. 

Degeneration following Extirpation of the Face Area. 

In this case the lesion is not confined to the face area, but extends into 
the adjacent arm area to some extent. It includes the cortical centres for 
the opening of the mouth and for the movement of the larynx, upper lip, 
eyelids, neck and digits (see fig. 1). The association and commissural 
fibres were not followed. The degeneration in the internal capsule covers 
an area somewhat more extensive than that following extirpation of the 
arm centre alone, and its anterior extremity lies farther forwards ; beyond 
this there is nothing worthy of special notice. 

In the mesencephalon it occupies about three-fifths of the crusta (fig. 4), 
its inner limit approaching nearer to the middle line than in the case of 
the arm lesion. Scattered fibres are found on the mesial and lateral 
aspects of the main mass of degeneration, but the outer extremity of the 
latter (temporo-pontine) segment is quite free. Fibres pass into and 
terminate in the substantia nigra, but in this case none can be followed 
into the tegmentum. 

In the pons the only point calling for special mention is the relatively 
large amount of fine degeneration which is scattered amongst the cells of 
the grey matter surrounding the pontine pyramidal bundles. This is more 
abundant on their mesial aspect than on their lateral, but it ends abruptly at 
the median raphe. A few scattered fibres are found in the inner portion 
of the mesial fillet. In the lowermost levels of the pons a few isolated 
fibres leave the posterior aspect of the pyramidal bundles and can be traced 
backwards through the fine degeneration to the fillet, where they disappear. 

In the TnedvUa oblongata the degeneration is scattered over the whole 
area of the transverse section of the pyramid, but it is slightly denser in 
the mesial portion than in the lateral. The ratio of crossed to uncrossed 
fibres in the first cervical segment just below the decussation is about 
100 : 1, and it remains the same throughout the spinal cord. 

Spinal Cord, — In the lower part of the cervical enlargement numerous 
fibres are seen to pass obliquely in from the crossed pyramidal tract and 
to enter the grey matter at the base of the posterior horn, where they 
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terminate in a copious fine degeneration. One or two similar fibres are 
visible on the homolateral side. In longitudinal sections of this segment 
tliey are seen to come off at right angles from the main tract and to 
enter the grey matter. These fibres are more numerous and more easily 
followed in this specimen than in any that we have examined. 

The degeneration does not cease at the lower end of the cervical enlarge- 
ment, but is continued down through the thoracic and lumbar segments 
&s a few sparsely scattered fibres both on the crossed and on the uncrossed 
side. A few isolated fibres on the crossed side are still present in the last 
sacral segment. 

Degexeratiox following Limited Lesions. 

Li addition to the above, limited lesions were made within each of the 
larger motor areas, and the degenerations traced from these. Within the 
leg area the following centres were located by stimulation, and small 
portions of the cortex, including them, were cauterised — centre for extension 
of hallux and toes (in two animals), for flexion of knee and for flexion 
of hip (one each). Within the arm area four lesions were made, involving 
the centres for rotation of arm at shoulder, for flexion of wrist, and for 
flexion of fingers (two cases) ; and within the face area the centre for the 
opening of the mouth was destroyed. 

We shall not attempt to describe the degeneration in detail in each 
case. It is sufficient to say that below the level of the mid-brain there 
is no evidence of any localisation of the fibres within the area of the 
pyramidal tract in transverse sections. In the pons, medulla oblongata, 
and spinal cord they are practically evenly distributed over this area, 
the only difference between the effects of an extensive and a limited lesion 
being in the density of the degeneration, i.e. in the number of fibres 
degenerated. Following all lesions of the arm area some fibres can be 
traced to the lumbar region of the spinal cord, and in all lesions of the 
leg area some appear to terminate in the cervical enlargement. In the 
case of the limited lesion within the face area some fibres pass into the 
pyramidal tract of both sides of the cord, crossed and uncrossed, and can 
be followed to the 2nd thoracic segment, but not beyond it 

In the lower levels of the internal capsule and in the crusta the fibres 
from the hip, knee and digits centres are scattered fairly evenly over those 
segments of the pjTumidal tract which degenerate after extirpation of 
the entire leg area ; that is to say, no localisation of fibres within the leg 
area can be made out with certainty in these regions. The same applies 
to the fibres from the circumscribed lesions within the arm and face areas. 
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In some of these cases, however, the degeneration could not be satisf a/Ctorily 
followed in the parts of the brain above the mesencephalon on account 
of the imperfect penetration of the staining fluid. 

Summary and Conclusions. 

In endeavouring to trace the course of the individual portions of the 
pyramidal tract we find that our results agree, for the most part, with 
those obtained by the majority of former observers who have employed 
the degeneration method with Marchi staining. The fibres arising from 
the giant pyramidal cells of the motor cortex pass into the corona radiata, 
at first in fairly distinct groups, but they soon begin to intermingle, and 
in the highest levels of the internal capsule there is already considerable 
overlapping. Those from the lateral portion of the Rolandic area (face) 
enter the capsule most anteriorly, those from the mesial portion (leg area) 
most posteriorly, while between the two, but intermixing with them, come 
the fibres from the intermediate parts of the cortex, viz. the arm and trunk 
areas. In passing down through the internal capsule into the pes pedun- 
culi the tract becomes compressed within narrower limits, and this inter- 
mingling of the fibres from the diiferent areas becomes more marked. In 
the lower levels of the capsule the fields of degeneration resulting from 
ablation of the face, trunk and limb areas overlap, to a very large extent, 
and this is more marked still in the crusta (figs. 3 and 4). Below this, in 
the pontine pyramidal bundles, the anterior pyramids, and the direct and 
crossed pyramidal tracts in the spinal cord, there is no localisation of fibres 
at all, the degeneration following the most limited lesion being imiformly 
scattered over the entire area of the pyramidal tract in transverse section. 

With regard to the longitudinal localisation of the fibres in the tract, our 
results partly support those of Sherrington.* He found that after lesions 
in the leg area, encroaching little, if at all, on the arm area, the degenera- 
tion in the cord stopped short in great part in the cervical enlargement ; 
and after lesion in the arm area, encroaching little, if at all, on the leg 
area, the degeneration in the cord extended down through the thoracic into 
the lumbar, and even throughout the sacral region. He concluded from 
this that the pyramidal tract is a path of cortical visceral (splanchnic) as 
well as of cortical somatic fibres, — hence fibres descending from the arm 
area of the cortex into the lumbar region of the cord. We have not 
found that after pure leg area lesions a great part of the degenera- 
tion ends in the grey matter of the cervical region, or that a great number 
of fibres can be followed down to the lumbar region after lesions con- 

♦ Sherrington, Jour, of Physiol.^ vol. x. (1889), p. 429. 
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fined to the arm area, but in the one case some fibres terminate in the 
cervical enlargement, and in the other a few certainly do pass to the 
lower end of the cord. Melius denied Sherrington's statement ; he could 
trace no fibres beyond the upper dorsal region following his localised 
extirpations in the arm area, but his lesions were made in the post-central con- 
volution behind the fissure of Rolando, and so outside the true motor area. 

Two possible explanations suggest themselves for the presence of these 
fibres in the spinal cord, and for those stray fibres which invade the 
fronto-pontine and temporo-pontine bundles in the internal capsule, crusta, 
and pons. They may be due to unavoidable injury to the cortex of the 
brain beyond the motor area during the operation, through interference with 
the blood supply, or mechanically by pressure, by which a few of the cells 
are damaged to such an extent as to lead to deg^meration of the fibres 
which take origin in them. Thus, after extirpation of a portion of the 
arm area, some degenerated fibres may come from damaged cells in the leg 
and face areas, and even from the cortex outside the true Rolandic area. 

On the other hand, the areas for leg, arm, and face may not be so 
strictly limited as stimulation with minimal currents by the unipolar 
method would indicate, and a few fibres destined for the innervation of 
the leg muscles may take origin from cells situated within the arm area, 
and vice versa. 

With regard to the degeneration following total extirpation of the 
motor cortex, we corroborate the results stated in a former paper * by one 
of us, and are in agreement on most points with others who have used this 
method. In all our larger lesions the fine degeneration in the nuclei pontis 
is very evident, indicating an important connection between the pyramidal 
fibres and the grey matter in this region. 

We have not been able to make out the accessory fillet of von Bechterew, 
described by him, and by Hoche,f Schlesinger,J Barnes § and others, in the 
human subject. This is a bundle of fibres which leaves the pyramidal tract 
in the mesencephalon, and running outwards and backwards through the 
substantia nigra, passes into the outer part of the mesial fillet in the upper 
levels of the pons. A similar bundle of descending fibres (Spitzka's bundle) 
in the fillet, nearer the middle line, has been named the mesial accessory 
fillet. These two bundles were believed by Hoche to end in certain of the 
cranial motor nuclei. In many of our cases numerous fibres leave the 
pyramidal tract in the crusta, and do pass in the direction described by 

* Simpson, Inteniat. Monatschr.f. Anat u, Physiol, Bd. xix. (1902), p. 1. 

t Hoche, Arch. /. Psychiat. u. Nervenkr., Bd. xxx. (1898), p. 103. 

I Schlesinger, Neur. Cent, 1896, p. 146. § Barnea, loc. cit. 
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these authors in the human subject, but we are inclined rather to believe 
that they terminate in the substantia nigra and in the tegmentum behind 
it, as we cannot pick them up again in the fillet in sections of the pons 
made at a lower level.* Such fibres ending in the grey matter of the 
anterior corpora quadrigemina have been described in the cat and dog, and 
by Horsley and Beevor f in the monkey. 

We have never been able to trace fibres from the pyramidal tract to 
any of the cranial motor nuclei, and have found no evidence of fine or 
terminal degeneration in the neighbourhood of these nuclei. 

In the monkey we have never seen any trace of a ventro-lateral 
pyramidal tract, such as is described by Barnes J in the human subject. 
This tract is said to be given off frequently in man : it may arise in the 
pons, medulla oblongata, or first cervical segment, and it passes down in 
the region of Helweg's tract on the ventro-lateral aspect of the inferior 
olivary nucleus. Barnes claims that it is distinct from Helweg's tract ; it 
is best marked in the upper two cervical segments, but occasionally he has 
succeeded in tracing it to the lumbo-sacral region. We find nothing to 
represent it in the monkey, neither are there any fibres corresponding to 
Pick's bundle, another aberrant strand which is sometimes found in the 
pyramidal system in man. 

In the spinal cord the passage of collateral fibres from the crossed 
pyramidal tract, first described by Schafer § (and in some cases from the 
homolateral), is very evident both in the cervical and lumbar enlargements, 
and to some extent in the thoracic region. They are seen in transverse and 
in longitudinal sections of the cord, and terminate in the grey matter at 
the base of the posterior horn. The fine degeneration in this region of the 
grey matter is very abundant : the cori'esponding region of the opposite 
side is free, and the contrast between the two sides in this respect, in the 
same section, is very marked. 

Fibres representing a direct anterior pyramidal tract are found in the 
first cervical segment only ; the direct lateral can be traced to the lower end 
of the sacral region, and the crossed pyramidal to the first coccygeal segment. 

The expenses incurred in this research were defrayed by grants from the Moray Fund 
and from the Carnegie Trust. 

* In some of our sections through the pons we did find a few scattered fibres along the 
anterior mai^n of the fillet. 

t Horsley and Beevor, Brain, voL xxv. (1902), p. 436. J Barnes, loc. cit. 

§ Schafer, Jour, of Physiol., vol. xxiv., p. xxii — Proceedings of the Physiol. Soc. 

(Issued separately October 3, 1907.) 
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XXX.— HydrachnidsB collected by the Lake Survey. By Mr Wm. 
Williamson:. Communicated by Sir John Murray, K.C.B. 

(MS. received July 2, 1907. Read July 1§, 1907.) 

The systematic study of the Hydraehnidae, or water-mites, of Scotland 
appears to have been entirely neglected until within the last few years, 
and, so far as I am aware, the only communications dealing with 
Hydrachnids found in Scotland are two noted in the list of literature 
cited. 

Of the life-history of Hydrachnids we have only a limited knowledge, 
and that may in time be modified as further information is acquired. At 
present the life-cycle appears to be in four definite stages — the egg, the 
larva, the nymph, and the imago. When an egg is hatched, a six-legged 
larva emerges, and apparently its main function is to find a suitable host 
to which it may attach itself. I have hatched out at various times the 
larvse of different species, but never succeeded in keeping them alive more 
than a few days, doubtless because a host was not present in the hatching 
tube. Species of Dytiscus, Notonecta, Corixa, Ranatra, and even dragon- 
flies have been found with these larvae firmly attached. During the period 
of attachment the larva undergoes a change, and finally emerges as an 
eight-legged nymph. Although I have been able to keep nymphs alive 
for several months, I have not yet succeeded in keeping them alive 
during the whole of their existence as nymphs, and have not therefore 
been able to determine the duration of the nymphal period. At the 
end of this period the creature passes into another stage in which it 
undergoes further development, and this is followed by the emergence of 
the imago, of which I have been able to keep specimens alive for eleven 
months. 

While the Lake Survey investigations were being carried on at Locli 
Rannoch in May 1902 a trout was caught, in the stomach of which, 
on examination by Dr T. N. Johnston, a great number of living Hydrach- 
nid larvae were found. A short account of these was given by Mr 
Soar in the Quekett Jowtmal, with figures of the larvae, which were most 
probably swallowed by the trout just before it was caught. 

For the nomenclature followed herein, reference is made to " Hydraeh- 
nidae und Halacaridae," Piersig und Lohman (Das Tierreich, Lief. 13). As 
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that work contains a very full synonymy, the genera and species now 
recorded are sufficiently defined for reference. 

1. Genus HYDRACHNA, MtQl. 

Hydrachna globosa, de Geer. — A nymphal form was found by Mr Scour- 
field at a pond between Mallaig and Morar, June 1902. This species has 
also been found at Oban. 

2. Genus THYAS, C. L. Koch. 

Thyas venusta, C. L. Koch. — Found by Mr Murray at Whitebridge 
Pond, April 1904. This species has also been found in the vicinity of 
Edinburgh. 

3. Genus ARRHENURUS, Ant. Dug. 

ArrhenvA'Us, sp. — A female specimen, not yet identified, was found by 
Mr Murray in St Mary's Loch (at a depth of 100 feet), January 1906. 

4. Genus LEBERTIA, Neuman. 

Lebertia tau-iTisignita, Lebert(?) — Specimens collected by Mr Scourfield 
at Morar, June 1902, and at Loch Tarff", August 1903, were identified by 
Mr Soar as Lebertia tau-insignita, Lebert. I also identified as the same 
species a specimen taken by Mr Murray from St Mary's Loch at a depth 
of 100 feet. 

The genus Lebertia is undergoing revision by Dr Sig Thor. From his 
" Lebertia-studien " it would appear that some confusion in the naming 
of species belonging to this genus has existed for a number of years, and 
that this has arisen in some measure through the name tau-inaignita 
having been erroneously separated from the specific description to which 
it belonged. 

Lebertia (Filolebertia) poroaa, Sig Thor, var. — This specimen was found 
by Mr Murray at Loch Ness, and identified by Dr Sig Thor. This is 
a new Scottish record. 

A specimen taken by Mr Scourfield from a loch near Fort Augustus 
has not yet been identified. 

5. Genus OXUS, P. Kram. 

Oxus ovalisy MUll. — Found by Mr Scourfield at Loch Rannoch, June 
1902. I have not seen any other record of the occurrence of this species 
in Scotland. 
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6. Genus HYGROBATES, C. L. Koch. 

Hygrobates longipalpis, Herm. — Found at Rannoch and Morar, June 
1902 ; Ghriama, Loch na Claise Fhearna, and Suardalain, September 1902 ; 
Loch Tarflf, August 1903 ; Dores Pond, February 1904 ; Hundland (Orkney), 
September 1906. 

Hygrobates reticulatus, P. Kram. — Found at Morar, June 1902; Loch 
Ness, August and September 1903. 

7. Genus HYDROCHOREUTES, C. L. Koch. 

Hydrochm^eutes ungulatus, C. L. Koch. — Found by Mr Murray at 
Loch Lydoch and Dubh Lochan, June 1902. 

Hydrochoreutes krameH, Pier. — Found by Mr Murray at Loch na Claise 
Fhearna, September 1902. 

8. Genus PIONACERCUS, Pier. 

Pionacercus leuckarti. Pier. — Found by Mr Scourfield near Fort 
Augustus, August 1903. 

A specimen found by Mr Scourfield at Loch Rannoch, June 1902, has 
not been identified. 

9. Genus ATAX, (Fabr.) Bruz. 

Atax crassipes, Mtill. — Found at Rannoch and at a pond near Mallaig, 
June 1902 ; Loch of the Lows (Perth), 1903 ; St Mary's Loch (taken from 
a depth of 100 feet), January 1906. 

In this species the first pair of limbs are much stouter than the other 
three pairs, are armed with movable spines, and appear to be used, not for 
locomotion, but mainly to seize the entomostracans on which the creature 
feeds. When stalking its prey, it now and then halts for a few seconds, 
the body sinks to one side, is raised up again to sink to the other side, 
and in turn to be raised again ; or it may be that the posterior end of the 
body is lowered to rest on the papillae, — all as if the long slender limbs were 
too weak to support the weight of the body during its brief rest. If, 
however, a daphnia or cyclops comes within range, the limbs which hitherto 
appeared to be rather in the way are suddenly bent round the entomos- 
tracan, which is passed under the palpi, and when it is held securely so 
that the mouth-organs may do their work, the first pair are again unbent 
and held up in front as before. Although the palpi have now the weight of 
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the entomostracan to support, the hydraehnid does not appear to have 
its movements hampered, as it moves about as freely as before, sometimes 
throwing itself on its back, with its long slender limbs waving above, and 
then, with a sudden jerk, bounding off to another place. When sufficient 
nutriment has been absorbed, the palpi are relaxed and the body of the 
victim released. 

The second and third pairs of limbs are used mainly for locomotion, the 
first pair being held up in front, and the fourth pair apparently trailed 
behind. Occasionally this order is changed, so that the third and fourth 
pairs of limbs are used for progression, the second pair being waved about 
in the water, and the first pair still remaining raised up in front. 

Instead of swimming with an easy, regular motion, this hydraehnid 
rather jerks itself through the water, sometimes forwards, sometimes back- 
wards, and it appears to swim as much with the ventral surface upwards 
as with the dorsal. 

10. Genus NEUMANIA, Lebert. 

Neumania vemaZis, Mlill. — Found by Mr Scourfield near Fort Augustus, 
August 1903. 

11. Genus HUITFELDTIA, Sig Thor. 

Huitfeldtia rectipea, Sig Thor. — Specimens were found by Mr Murray 
at Hundland, Boardhouse, Housby, and Swanney, in the Orkney Islands. 
As there was no record of this hydraehnid having been found before in 
Britain, I sent specimens of the male and female to Dr Thor for verifica- 
tion. He confirmed my identification, and stated that he had not known 
of the occurrence of this species except in Norway. 

Mr Soar has drawn the figures which show the details of this species. 
The following are the measurements given by him, as well as those given 
by Dr Sig Thor :— 

Female : — 

Length .... 
Breadth .... 
Length of Mandible . 
Length of Palpus 



C. D. Soar. 
1*40 mm. 
112 „ 



Sig Thor. 
1-20 mm. 
100 ., 



n 



n 



w 



n 



99 



99 



Length of bristle on Palpus 
Legi^ Ist pair 

2nd 

3Td 

4th 

Distanoe apart of double eyes 
Male:— 

Length .... 
Breadth .... 
Length of GeniUl Area 
VOL. XXVIL 



•25 
•40 
•16 



99 



91 



•27 
• •• 
1-15 
1-27 
I'30 
1-40 

•26 



99 



59 



99 



1-24 
-98 
•19 



99 



99 



20 
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The eyes, epimera, and legs are very much the same as in the genus 
Fiona ( = Cwrvipe8), In the female, the genital plates are sickle shaped, 
with from eight to ten acetabula each ; in the male, which is smaller than 
the female, the plates completely surround the genital opening. 



I' 



^ 



EZFLANATION OF FlOURBS— 

BuUfeldtia rectipeM, Sig Thor, 

FlQ. ].— Dorsal view oE female. Fio, 1.— Terminal Begment of fourth leg 

Fio. 2. — Ventral view ot female. of female. 

Fio, 3. — Palpus of female, showing chsr- Fio. E.— Mandible of female. 

acteriatic hriatle on tbird Fia. 6. — Genital I'latas of male. 

segment. Fis. 7. —Genital plates of female. 

The palpus possesses features which are important in the determination 
of the genus, viz. a long stiff liair or bristle on the outer edge of the third 
segment of each palpus, and on the distal inner edge of the fourth segment 
an elongated peg or tooth. 
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The colours of the living hydrachnid cannot be stated, as the specimens 
examined had been in formalin for some time. 

12. Genus FIONA, C. L. Koch. 

The genus now under consideration was known at one time as Neacea, 
afterwards as Fiona, and latterly 849 Curvipes, In " HydrachnidsB und 
HalacaridsB," Kersig und Lohman, Dr Piersig restored the name Fiona. 
This ha49 not met with general acceptance, and consequently the name 
Cv/rvipea is frequently used. 

Fixma obtv/rhana, Pier. — Found at Bannoch, 1902. A nymphal form 
found at Dubh Loch, 1902. 

Fiona paticipora, Sig Thor. — Found at Bannoch and Lydoch, 1902. 
Very few specimens found in Scotland. 

Fiona fuacata, Herm. — Found at Dubh Loch, 1902. 

Fionu rufa, C. L Koch. — Found at Loch Chlair and Ghriama, 1902. 

Fiona camea, C. L Koch. — Found at Loch of the Lows (Perth) and 
Loch na Claise. 

Fiona aduncopalpia, Pier. — Found at Uanagan, 1903. 

The identification of the twelve genera and eighteen species recorded 
above was made partly by Mr Chas. D. Soar and partly by myself. The 
genus Huitfeldtia has not been recorded before, except for Norway, 
and therefore Huitfeldtia rectipes, Sig Thor, is a new British record. 
Lebertia porosa, Sig Thor, and Oxua ovalia, Mtill, are additions to the 
previous lists of Scottish Hydrachnids. 
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XXXI. — Precipitated Sulphur. By Alexander Smith and 

B. H. Brownlee. 

(Read July 8, 1907. MS. received July 15, 1907.) 

(Abstract) 

In papers previoualy read before the Society, the behaviour of sulphur 
when heated has been the subject of investigation. It has been shown 
that the transition from a pale-yellow mobile liquid to a deep-brown 
viscous one, wliieh occurs as the temperature rises in the neighbourhood 
of 160°, is due to the production from the mobile sulphur (S^) of another 
distinct variety (S^). The proportion of the viscous variety (S^) is about 
4 per cent, at the melting point (114*5°). At 160° it has become 11 per cent., 
at 170"* 19 per cent., and at the boiling point 34 per cent. The complete 
succession of changes is as follows : — - 

When the boiling sulphur is allowed to cool very slowly all these changes 
take place in the reverse order, and only crystalline, rhombic sulphur is ob- 
tained. When, however, the boiling sulphur is chilled suddenly, there is no 
time for the transformation of the S^ into Sx, which alone crystallises, and 
hence the cooled mass is plastic. The amorphous sulphur i;\(hieh the plastic 
mass contains is the supercooled S^. Certain catalytic agents aifect the 
speed of the change from S^ to S^. Thus, if a few bubbles of ammonia are 
passed into the boiling sulphur, the reversion to S^ is greatly accelerated, 
and no S^ (amorphous sulphur) is found in the chilled product. The mass 
after standing for a short time is wholly crystalline. On the other hand, 
sulphur dioxide, which sulphur acquires by exposure to the air, is a retard- 
ing catalyser, and its presence permits the supercooling of the S^ when 
ordinary sulphur is employed. Other substances, such 849 hydrogen chloride 
and the halogens, have an effect similar to that of sulphur dioxide. Since 
sulphur precipitated at the ordinary temperature contains in many cases a 
large proportion of amorphous sulphur, this investigation was undertaken 
in order to ascertain the exact circumstances under which a variety of 
sulphur which is stable only at high temperatures can thus be formed at 
low temperatures. 

In this work four actions by which sulphur is precipitated were used, 
and two of them were investigated in detail. The amorphous sulphur 
was estimated, after the precipitate had hardened, by extraction of the 
soluble sulphur with carbon disulphide. 
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1. In the product of tlie interaction of hydrogen avZphide and aulphv/r- 
0U8 add in aqueous solution the proportion of insoluble sulphur was very 
variable. In one instance it reached 82*6 per cent. 

2. The addition of acids to solutions of calciv/m or sodiv/m poly- 
sulphides gave sulphur which was almost wholly soluble. Thus, with 
excess of acetic acid all the sulphur was soluble; with excess of half- 
concentrated hydrochloric acid (6 N) less than 1 per cent, was insoluble ; 
with excess of concentrated hydrochloric acid (12 N) 2'4 per cent, only was 
insoluble. 

The precipitates, viewed through a polarising microscope, were found 
to be composed at first of fluid droplets. The droplets could be seen to 
crystallise, each forming a spherical group of radiating crystals. Later, 
the cluster suddenly resolved itself into a single crystal, without altering 
its spherical shape. This observation of the production of liquid sulphur 
at the ordinary temperature, and its transformation into monoclinic 
sulphur, and finally into spheres of rhombic sulphur (the only stable form), 
was most instructive. 

3. The anions of bromine and iodine wpon solutions of sodiv/m sul- 
phide and polysulphide were studied in some detail. When equivalent 
and excessive amounts of the halogens were used, the proportions of in- 
soluble sulphur varied from 8 per cent, to 56 per cent. Bromine gave the 
larger proportions. 

4. The most detailed investigation was given to the action of acids upon 
sodium thiosulphate. The following were the results of some typical pre- 
liminary experiments. In each experiment 100 c.c. of thiosulphate solution 
was used. The concentration of this solution is given in the first column. 
In the second column appears the amount and concentration of the acid. 
In experiment 3 the thiosulphate was added to the acid, in the others the 
acid was added to the thiosulphate. The last column shows the per cent, 
of insoluble sulphur : — 





Concen. 








NajSaOo 
(100 c.c). 


Acid. 


Per cent. Am S 








1 


4N 


50 C.C., 12 N. HCl 


34 


2 


4N 


50 C.C., 6 N. HOI 


6-5 


3 


8N 


500 c.c, 12 N. HCl 


960 


4 


4N 


25 cc, 16 N. HNO3 


56-5 


5 


4N 


300 cc, glac. HA 


0-0 



Some of the conclusions from these results were : — 
(1) That, whereas Berthelot held that " positive " sulphur (as in SgClg), 
when liberated, gave insoluble sulphur, and "negative" sulphur (as in 
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polysulphides) gave soluble sulphur, in point of fact the very same com- 
pound can yield sulphur wholly soluble (exp. 5), or almost wholly insoluble 
(exp. 3). 

(2) That excess of the acid is not required for the production of insoluble 
sulphur in this action (exps. 2 and 4), although such excess greatly increases 
the proportion obtained (exps. 1 and 3). 

(3) That free sulphurous acid does not determine the formation of 
insoluble sulphur: this acid was liberated in large amount in experiment 
6, but all the sulphur was soluble. 

(4) That the order of mixing makes a great difference in the effect {e.g. 
exp. 3), evidently because when the salt was added to the acid, the latter 
was present in greatest excess from the very beginning of the precipitation. 

(5) That sulphuric acid (experiments not given above) gave smaller 
proportions of insoluble sulphur than did hydrochloric acid, 

(6) That, other things being equal, the higher the temperature of the 
liquids, the smaller was the proportion of amorphous sulphur. For example, 
equal volumes of 2 N. thiosulphate and 10 N. hydrochloric acid, maintained 
before and during mixing at the following temperatures, gave proportions 
of insoluble sulphur appended : 0' (47*1 per cent.), 25° (34'0 per cent.), 40° 
(30*8 per cent.). 

These preliminary results showed the conditions required to be ful- 
filled in the quantitative final experiments with the same interaction. 
It was necessary to maintain the same concentration of the ingredients 
throughout the process of mixing. This was achieved by arranging to 
use equal volumes in each experiment, and by allowing the liquids to run 
with equal speed into a mixing vessel provided with a mechanical stirring 
apparatus. It was also essential that the liquids should be brought to a 
constant temperature, and that this temperature should be maintained in 
the mixing vessel in spite of thermal efiects. Three different temperatures 
were used, namely, 0°, 25°, and 40°, and constancy (± '5°) was preserved by 
suitable contrivances. 

The following part of a set of observations at 0° will serve as a sample 
of the resulta The first column gives the concentration of the hydro- 
chloric acid used, the second gives the concentration of the acid immediately 
after mixing with an equal volume of thiosulphate solution. The three 
following columns show the percentages of amorphous sulphur from 2 N., 
4 N., and 6 N. thiosulphate solution, respectively. The last column describes 
the appearance of the sulphur immediately after precipitation when 2N. 
thiosulphate was used : — 
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Concen. of 


After 


Concen. NagSgOg 


HCl used 


mixing 


and Per cent. Am S. 






2N 


4N 


6N 


2N 


N 


61 


• • ■ 


B • 


3N 


UN 
2|n 


12-4 


14-7 


8-3 


5N 


21-5 


18-9 


29-0 


ION 


5N 


47-0 


45-9 


57-7 


12 N 


6N 

■ 

1 


68-8 


72-3 


75-9 



State of Sulphur from 
2 N. NaaSjOg. 



Yellow-brown viscoua oil. 



») 



>» 



More viscous oil. 
Very viscous oil. 
Non- viscous powder. 



A study of the foregoing, and of the other series not here given, 
showed — 

(1) That the proportion of insoluble sulphur is not dependent upon an 
excess of acid, for much amorphous sulphur was formed when the salt 
was in excess. 

(2) That the proportion of insoluble sulphur is proportional to the con- 
centration of the acid immediately after mixing. 

(3) That the proportions were smaller the higher the temperature of 
precipitation. 

The question which finally presented itself was whether the excess 
of acid, which is so potent in increasing the yield of amorphous sulphur, 
operates in this way during the liberation of the sulphur, or exercises this 
influence by contact with the sulphur after liberation. Actual experiment 
showed that subsequent mixing of the liberated sulphur with more 
concentrated acid was as effective as using the larger excess during the 
precipitation. 

The mecJianisTn of the action is therefore as follows : — ^The sulphur 
from the thiosulphate, when first liberated, is wholly S^. With little 
acid present this changes largely to S^, and the Sx finally solidifies to 
soluble sulphur. A more concentrated acid retards the change to Sx, and 
permits the hardening and preservation of a larger proportion of the S^. 
Acid substances such as retard the transformation S^->Sa in melted 
sulphur operate, therefore, in the same way with suspended liquid sulphur. 
It is the fact that the sulphur is first liberated as S^ that alone renders 
the production of amorphous sulphur possible. This liberation first in 
the least stable form is in accordance with the law of transformation 
by steps (Ostwald), which successfully explains the behaviour of so many 
substances. 

UNivBRsmr OF Chicago, 
April 1907. 

{I88ued separcUely October 3, 1907.) 
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XXXIL— A Specimen of Helix pomatia with Paired Male Organs. 

By J. H. Ashworth, D.Sc, Lectv/i^er in Invertebrate Zoology in 
the University of Edinburgh. Communicated by Professor J. C. 
EwABT, M.D., F.R.S. (With Plate, and Two Figures in the Text.) 

(MS. received May 10, 1907. Read June 3, 1907.) 

The specimen of Helix poviatia which forms the subject of this communica- 
tion was found among the class material * in the Zoological Department of 
the University of Edinburgh. It presents so unique and interesting an 
abnormality that it is worthy of description in some detail. 

The animal was approximately full-grown and possessed a normal 
dextral shell. On dissection it was observed that, in addition to the usual 
set of reproductive organs present on the right side, there were, on the left 
side, certain other structures undoubtedly homologous with the normal 
accessory male organs. The roof of the mantle chamber was removed,f 
the body wall cut through by means of an incision in the mid-dorsal line, 
the flaps pinned out, the alimentary canal and the reproductive organs 
carefully uncoiled, and the latter laid out to the right side of the animal. 
The alimentary canal presented no unusual features, and it ha43 been 
entirely removed. The remaining structures are shown in fig. 2. 

The normal reproductive apparatus may be first briefly described. The 
ovotestis (O.T.) or hermaphrodite gland,J which was embedded in the liver, 
has been dissected out so as to show its ducts which lead into the sinuous 
hermaphrodite duct (H.D.). This opens intx) the common duct, but just 
before doing so it bears two small closely apposed blind diverticula, about 
3 mm. long — the vesiculsd seminales — only one of which (V.S.) is shown in 
the figure ; the other, which is slightly smaller, lies hidden beneath. At 
the point of junction of the hermaphrodite and common ducts there is a 
large, somewhat tongue-shaped, albumen gland (Alb.G.).§ 

The common duct is imperfectly divided by two internal longitudinal 

♦ Collected in the neighbourhood of Wiirzburg. 

t The heart, the pulmonary vessels, and the nephridium were quite normal. 

I The ovotestis was removed and sectioned, and though the histolc^ical details were 
defective it was obviously quite normal in structure. Various stages in development of 
spermatozoa and ova were seen, including ripe spermatozoa and a considerable nimiber of 
large oocytes '11 mm. in diameter. 

§ This is shown in the figure, as it was pinned out, in an extended form ; in its natural 
condition, as it lies in position in the animal, it is much more curved. 
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folds into a larger female portion (CJ).F.), the walls of which are strongly 
plicated, and a smaller male portion (C.D.M.) which is covered by glandular 
prostatic tissue slightly folded or lobulated. After a course of about 
50 mm. the two portions of the common duct become completely separated 
as the oviduct and the vas deferens. 

The oviduct (OvD.) runs forward for about 10 or 12 mm. and then 
merges into the wider vagina (V.), which leads into the common genital 
atrium (Atr.). The vagina bears a large clavate dart sac (D.S.) and two 
tufts of digitiform mucous glands (Muc.G.). In the figure these glands 
are to a large extent hidden by the dart sac ; they are not quite as large as 
in many other snails of the same collection examined, but, with this excep- 
tion, the reproductive organs are fully grown. Opening into the female 
genital canal near the point of junction of oviduct and va^na is the 
spermotheca or receptaculum seminis (R.S.), which bears a bulbous dilata- 
tion (R.S.B.) at its inner end. In the natural position of the parts the 
tubular portion of the spermotheca lies alongside the common duct and is 
bound to it by connective tissue. 

The vas deferens (V.D.) has at first a somewhat sinuous course ; it then 
loops round the retracted posterior tentacle (Tent.P.R), runs parallel to and 
practically along the whole length of the penis (P.), and bends round so as 
to enter the base of the latter, opening into it upon a knob-like muscular 
papilla which acts as a protrusible copulatory organ. This organ is enclosed 
in a thick muscular sheath, the inner surface of which, in the proximal part 
of the penis, has a rugose appearance. About the middle of the length of the 
penis, the sheath bears a muscular introversible tube. The part of the 
sheath distal to this is slightly thinner than the proximal part, but is also 
traversed by longitudinal folds. This inner sheath is surrounded by a 
much thinner outer one. The fibres of the thin, but strong, retractor penis 
muscle (M.RETR.P.) are chiefly inserted into the outer sheath close to the 
point of entry of the va43 deferens into the penis. This muscle serves to 
retract the copulatory organ and also the penis as a whole. It arises from 
the posterior region of the mantle slightly to the left of the middle line. 
In the figure the greater part of the muscle is seen attached to the penis ; 
the remaining short portion is shown at M.RETR.F. Just before entering 
the penis the vas deferens bears a long slender diverticulum, the flagellum 
(Fl.), which secretes the elongate spermatophore. 

The genital atrium (Atr.) is a short wide tube opening to the exterior 
by an aperture which, in non-excited specimens, is slit-like and about 
2'5 mm. long. This common genital pore is situated just behind and 
ventral to the posterior or ocular tentacle. 
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Commencing at a point slightly median or dorsal to the pulmonary 
aperture, there is a distinct but shallow groove in the skin which leads 
obliquely forwards and downwards, ending just below the ventral lip of the 
genital pore. 

On looking at the left side of the specimen just behind the posterior 
tentacle it is at once obvious that certain parts of the genital apparatus are 
repeated ; indeed, there is no difficulty in recognising a penis and its retractor 
muscle, a vas deferens and a flagellum. These may be first described as 
they are seen in the general dissection, shown in fig. 2. 

The additional penis (P.S.) is as well developed as the normal one, and 
opens to the exterior by means of a slit-like aperture as large as the normal 
genital pore on the right side. The retractor muscle (M.RETR.P.S.) is 
inserted in the usual position at the inner end of the penis ; only a short 
portion is shown at that point in the figure, the remainder (M.RETR.P.S'.) 
is seen attached to the body wall, its origin being close to that of the 
retractor of the right penis. Enclosing the bases of these retractors there 
is a thin connective tissue sheath (Sh.), folded at the middle so as to divide 
the enclosed area into two compartments, one for each retractor. When 
the flaps of the body wall are replaced in their normal position the origins 
of the retractor muscles are seen to be a little to the left of the mid-dorsal 
line, and so placed that the muscles would gradually diverge from one 
another to their respective penes. The two penes are symmetrically placed 
with regard to the median plane of the head, and, as already stated, are 
equally developed. 

The extra vas deferens (V.D.S.) is seen in connection with the inner 
end of the penis, and may be followed along the whole length of that organ 
until it disappears beneath one of the large retractor muscles of the anterior 
end ; this muscle (M.Retb.) is inserted into the body wall by means of two 
diverging portions which enclose the distal part of the penis and the 
proximal part of the vas deferens. 

Arising from the vas deferens near the middle of its length is a well- 
developed flagellum (Fl.S.), the terminal portion of which wfius accidentally 
severed and lost during the initial stages of the dissection in class, before 
the abnormality had been observed. At the point of origin of the flagellum, 
which is situated somewhat further from the penis than in the case of the 
normal flagellum, there is a sudden increajse in the diameter of the vas 
deferens, its distal part being about twice as wide as the proximal 
part. The ocular tentacle (Tent.P.L.) and its retractor muscle pass to the 
outer side of the penis and neighbouring portion of the vas deferens, as is 
the case on the right side. 
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The penial nerve on both sides leaves the cerebral ganglion (C.G.) 
laterally, anterior to the root of the ocular nerve, and passes into the 
interval between the penis and vas deferens, being supported by a connective 
tissue sheet which partially binds these two structures together. The 
nerve divides into three or four branches, which pass into the penis near 
the middle of its length. The nerve to the right penis really originates in 
the pedal ganglion, and traverses the cerebro-pedal connective and a portion 
of the cerebral ganglion before becoming free as the penial nerve (N.P.), 
seen in tlie figure. The actual origin of the left penial nerve (N.P.S.) 
could not be determined by dissection, so the nerve, the cerebral ganglion, 
and the cerebro-pedal and cerebro-pleural connectives were excised and 
sectioned. The preservation of the tissues enclosed within the sheath of 
the ganglion was, however, so defective that the complete course of the 
penial nerve fibres could not be followed. The left penial and ocular nerves, 
on being traced back into the cerebral ganglion, are seen to penetrate the 
sheath of the ganglion close together and then unite, but soon after this 
the tissue is so badly preserved that the two bundles of fibres are no longer 
distinguishable. Whether the penial nerve fibres arise from the ocular 
nerve, as is apparently the case, or whether they actually arise from the 
pedal ganglion, is unfortunately impossible to decide. In the majority of 
normal specimens there is, on the left side, a nerve given off" from the 
cerebral ganglion just anterior to the ocular nerve, and res/ching the body 
wall immediately behind the ocular tenta/cle — that is, in the region of the 
supplementary penis in the abnormal specimen. It is possible that in the 
abnormal specimen this nerve has been elevated along with the up-growth 
of the supernumerary organs. 

Dissection of the tissues around the base of the extra penis and vas 
deferens permits their further course to be traced (see fig. 3). The penis 
passes through the body wall and opens to the exterior by a slit-like pore 
(G.O.S.), but probably the portion of the tube immediately internal to the 
aperture is to be regarded as atrium (see below, pp. 316, 317). The vas 
deferens (V.D.S.), followed from the inner end of the penis, courses alongside 
the penis until it reaches the body wall, along which it runs obliquely dorsally 
for a^hort distance; it then comes into close association with the skin, so 
close, indeed, that it was at first believed that the tube actually perforated 
the skin and opened externally by a minute pore. Further examination, 
checked by sections of this region, proves that there is no actual opening to 
the exterior ; the vas deferens ends blindly in the sub-epidermal tissue and 
is bound to the epidermis by a short cord of connective tissue (CoN.T.). 

On reference to fig. 1 it is seen that the left genital aperture (G.O.S.) is 
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in the same relative position as the normal one — that is, ventral and slightly 
posterior to the ocular tentacle (Tent.P.L.). The blind end of the vas 
deferens is situated immediately below the papilliform area of the skin 
indicated by the + in fig. 1 — that is, about 2*5 mm. posterior and slightly 
dorsal to the external aperture of the penis. There is also on the left side 
a groove (Ep.Gr.) * in the skin, the course of which corresponds to that of 
the groove of the right side, already described (p. 314). The blind end of the 
vas deferens lies very close to the dorsal margin of this groove, just before 
the latter bends ventrally on approaching the genital orifice. 

Examination of the internal structure of these extra organs shows that 
they are quite normally and perfectly developed. The flagellum shows, in 
section, the usual longitudinal curved or scroll-like internal fold, exactly as 
in the normal organ, where its function is presumably to aid in moulding the 
spermatophore. The wall of the flagellum consists of an internal granular 
epithelium surrounded by a thick layer of longitudinal and circular muscle 
fibres. The vas deferens is lined by a folded epithelium, outside which 
is a thin sheath of muscular and connective tissue. 

The penis has the usual structure (see p. 313) ; it possesses a thin outer 
sheath (fig. 3, P.Sh.0.), which surrounds the much stouter inner sheath 
(RSh.I.), the latter having about the middle of its length a muscular tubular 
introvert (Intb.). Enclosed by the proximal part of this inner sheath, the 
inner surface of which presents the usual rugose appearance, is a muscular 
copulatory organ (CO.), on which the vas deferens opens. This organ is 
fully as large (3 mm. long) as that of the right side of the same specimen 
and of other specimens examined. In the distal part of the inner sheath 
there are also longitudinal folds exactly as in the normal organ (see fig. 4). 
One of these folds ends in a somewhat tongue-like depressed papilla (Pa.), 
about a millimetre wide, the distal margin of which is raised well above the 
general surface of the sheath. In all the normal specimens which I have 
examined, a papilla similar in form and size is also present, and lies close to 
the point at which the penis enters the atrium. Its position and structure 
suggest that it forms a rudimentary valvular arrangement serving to 
partially or completely close the penial aperture, especially when the lips of 
the latter are in the contracted condition. But whatever its function may 
be, this papilla apparently marks the distal end of the penis ; beyond lies 
the atrium. In the supernumerary penis this papilla f is about 2*5 mm. 

* This groove is present in normal specimens on both right and left sides. 

f It is interesting to note that the papilla is situated upon the internal waU, i.e. the 
wall adjacent to the middle line, in both the normal and supernumerary penes, another 
instance of their symmetrical relations. 
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from the external aperture, and probably this last portion of the tube ought 
therefore to be regarded as atrium. This view is supported by the character 
of the external opening, which agrees in every respect with that of the pore 
of the normal genital atrium. This left atrium, the inner surface of which 
is traversed by shallow transverse folds, is rather shorter than the right 
(normal) atrium, and its walls are slightly thinner. 

There is no trace of connection between these supernumerary organs and 
the ovotestis or the genital ducts of the right side. 

The duplication of genital organs in this specimen of Helix presents 
features of interest from three aspects, (1) on account of its rarity, (2) 
because the form of the supernumerary organs has a significance in relation 
to the phylogeny of the genital ducts in Helix, and (3) in regard to certain 
points in the ontogeny of the male organs of Helix. 

This abnormality is not in the same category as those moderately 
numerous instances in which organs, normally situated in the middle line, 
have been found in a state of more or less complete division — for example, 
the penis of mammals. The penis of Helix is never median, and there is no 
trace of any connection between the two penes of this abnormal specimen 
to suggest that they have been produced by division of a single penis 
rudiment. In the duplication of the penis and its associated structures this 
snail presents an example of lateral homcBOsis which is extremely rare in 
the Mollusca ; in fact the only case,* known to me, at all comparable to this 
one is Appellors (1893, p. 14) record of a specimen of Eledone cirrhosa 
(=Mo8chite8 cirroaa), in which not only was the third right arm hecto- 
cotylised, as usual, but the third left one also. There were on the right 
arm 57 suckers and on the left 66 ; both arms presented the normal plan of 
hectocotylisation and were practically equally developed. There was no 
corresponding duplication of the internal sexual organs. This specimen 
therefore presents interesting parallels to the abnormal Helix in that (1) 
the duplicated sperm-transferring organ and the normal one are sym- 
metrically placed with regard to the median plane and are practically 
equally developed, and (2) there is no modification of the normal sexual 
organs. 

Repetition of the penis on the right side has been twice recorded in 
Hdix pomatia, but reference to these cases shows that they are essentially 
different to the one under consideration. Pegot (1900) described a specimen 
with three penes, one in its usual position and communicating with the 
genital atrium by a large canal, the two others, similar in structure but 

* A Pteropod with paired penes has recently been described by Meisenheimer ; see 
Addendum, p. 327. 
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smaller, situated in the vagina. The vas deferens was single in its proximal 
part but bifurcated distally, each of the two portions passing to one of 
the supernumerary penes. The vas deferens of the normal penis was 
represented by a small bud. Each of the penes had a flagellum and a 
retractor muscle. Paravicini (1898) had previously described a somewhat 
similar case in which three penes were present and the vas deferens 
was branched, but only one of the penes was functional. Both these are 
examples of meristic variation, possibly produced by division of the penis 
rudiment at an early period of its development, and they differ essentially 
from the case of the Helix with paired penes. 

Before passing to the consideration of the significance of the abnormality 
in regard to the origin and relations of the genital ducts in Pulmonata, 
it will be of advantage to briefly review the comparative anatomy of the 
genital ducts of a few Gastropods. 

In the Pectinibranchiata (Monotocardia) the genital duct of the female 
opens into the pallial chamber near the anus. In many of the Taenioglossa 
and some of the Eachiglossa and Heteropoda the aperture of the genital 
duct in the male is also situated in the pallial chamber, and in many of the 
less specialised forms of these groups there is, in those males which possess 
a penis, a ciliated seminal groove which extends from the genital pore 
forwards along the right side of the body to the base of the penis, which 
organ is usually non-introversible and is situated on the head or " neck." 
The spermatozoa are conducted by this groove from the genital pore to the 
base of the penis, where they are led into a deep groove or tube which 
traverses the penis to its tip. 

A comparable condition is found in many Tectibranchs, in which the 
aperture of the hermaphrodite duct is on the right side, within but near 
the opening of the mantle cavity. From this aperture the fertilised ova 
escape directly to the exterior, but the spermatx)zoa pass into a ciliated 
groove which runs along the right side of the body and head to the penis, 
which is introversible (except in Actaeon). 

Within the Pulmonata there are forms which exhibit stages of special- 
isation of the genital ducts connecting the condition just described with 
that seen in Helix. The most interesting of these stages in relation 
to the subject of the present paper is that presented by the primitive 
Auriculid, Pythia scarabeus, L., described by Plate (1897) (see text-figure A). 
In this animal the hermaphrodite- or common-duct opens at the genital 
pore (G.O.) situated just outside the mantle chamber but near the pulmonary 
aperture ; and from this point a ciliated groove (Cil.Gb.) runs forwards on 
the right side of the body to the aperture of the vas deferens. Here the 
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epermatozoa are received and conducted by means of the vaa deferens ( V.D.) 
to the inner end of the muHCular eversible tubular penis (P. ), whose external 
aperture is only a short distance anterior to that of the vaa deferens, and 
just behind the right lip. In the retracted condition the penis, which is 




Fic.A. 



FfcB. 



Fig. a.— Genital organa of Fythia icaroimu, L. x5. After Plata {18B7, p. 1S4, fig. 1). 
Fig. B. — Genital organs of Auricula myomtit, Drapamaud. x 16. After Pelgeneer (1893. 

Plate xiii fig. 18B). 

Acc.Ql., accesaorj glands on cnmmon duct ; Alb.O., albumen glands ; Cil.Ob., ciliated gi'ove on 
the surface of the right side of the body; D., diverticnluni, probably a mucoas gland; 
Ep.Gb., edge of lateral groove in the skin ; Fo., fold partially dividiog cammoo duct into 
male and female portions ; Q.O., opening of genital (common) duct to the exterior ; H.I>., 
hermaphrodite duct; M.O., male oriGce ; M.RBTK.P., retractor muscle of penis; O.T., 
ovoteBtis ; O.V., opening of vagina to exterior; O.V.D., point of origin of vaa deferens j 
P. penis ; R,3., recaptaculum semiaia ; V.D., vas deferens ; V.S., Teeioula serainalis. 

provided with a retractor muscle, and vas deferens together form a U-shaped 
loop open at both ends to the exterior. 

A further stage is represented by another member of the family 
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Auriculidae, namely, Auricula myoaotis, Drapamaud (see text-figure B). 
The primitive (hermaphrodite) genital opening (O.V.) is just outside the 
mantle chamber and serves only for the exit of the ova. From this 
pore there is a lateral groove (Ep.Gr.) running forward to the penis; but 
lying in the sub-epidermal tissues, just below the groove, there is a ciliated 
tubular vas deferens (V.D.) which receives the spermatozoa (at O.V.D.) as 
they issue from the hermaphrodite duct, and conducts them to the large 
muscular eversible tubular penis (P.). Thus, by conversion of the ciliated 
seminal groove into a closed tube, the hermaphrodite aperture has been 
converted into a functionally female aperture, and the male opening (M.O.) 
has been secondarily moved forwards from its primitive position so that 
male and female pores are some distance apart. 

In the rest of the Pulmonata the hermaphrodite duct divides into male 
and female ducts. In the Basommatophora the female aperture retains a 
position similar to that of the primitive genital opening of Auricula, so 
that the male and female pores are separate.* In the Stylommatophora 
the female pore has undergone secondary forward movement and is closely 
associated with the male pore, the two openings being situated in a common 
genital atrium.f 

The penis and vas deferens of the abnormal specimen of Helix are 
interesting as showing, as it were, two different phylogenetic stages — 
namely, the Fythia-stsLge on the left and the normal condition for Helix on 
the right. The supplementary vas deferens and the retracted penis form a 
U-shaped loop, both ends of which are in contact with the epidermis, as in 
Pythia\ in fact, they so closely resemble the corresponding structures 
figured by Plate in Fythia that these organs may be described as having 
identical relations in the two forms, except that in the supplementary 
organs of Helix the vas deferens has no pore at its epidermal end, and that 
it bears a blind outgrowth — ^the fiagellum — which is not present in Pythia, 
While it is impossible to explain the cause of the development of the extra 
organs in this specimen of Helix, it would seem that, assuming that like 
causes produce like effects, whatever cause (in the ontogeny) has brought 
about their formation must have been closely similar to, if not identical 
with, that which has been responsible for the development of the corre- 

♦ Except in the genus Amphibola and the family Siphonariidae where the male and 
female ducts open into a common genital atrium. 

t Except in the families Oncidiidae and Vaginulidae and the genus Atopos, where a 
separation of the genital pores has been brought about by detorsion, which has caused the 
anus and the female opening to move backwards, so that the latter now lies, in Vaginula 
about the middle of the right side and in Oncidiella and Atopos posteriorly near the anus. 
These are to be regarded as specialised rather than as primitive forms (Pelseneer, 1901, p. 27). 
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sponding normal organs, since the results are so similar in the two cases. 
But on the left side the penis and its annexes have been free to develop 
without the disturbing influences of the vagina, oviduct, and their accessory 
structures, which, on the right side, have been secondarily moved forwards, 
in phylogeny, into the sphere of the male copulatory organ. Under these 
circumstances the supernumerary organs would be more likely to assume a 
condition more closely resembling that which they would present in the 
ancestral form in which the male and female genital apertures were some 
distance apart, and in which, consequently, the male organs developed free 
from the disturbing elements introduced in later forms by the shifting 
forwards of the female aperture and its associated structures 

The form of these extra organs (the vas deferens having a close 
association at one end with the epidermis) which it is suggested, by 
the above argument, might also be assumed by the corresponding normal 
organs if they were likewise free to develop independently of the female 
structures, supports the already well-established view that the present 
condition of the genital ducts in Helix and other Stylommatophora has been 
derived from a condition existing in the ancestral form in which the vas 
deferens and penis were connected with the primitive genital aperture by 
means of a lateral groove, such as is still found in Pythia, 

The supernumerary 'genital organs have also a significance in relation to 
the ontogeny of the male genital apparatus. It is very difficult to reach 
a definite conclusion concerning the mode of development of the male 
organs of the Pulmonata from a study of the published accounts ; evidently 
the conditions are complicated and vary considerably in different genera or 
even species. 

Eisig (1869), working on Limnaea auricularis, concluded that the 
genital apparatus is formed in three separate sections which afterwards 
become connected together : (1) the ovotestis and the hermaphrodite duct ; 

(2) the oviduct, its glands and the prostatic part of the vas deferens ; and 

(3) the penis and the lower (or distal) part of the vas deferens. The penis 

arises as a solid ingrowth from the epidermis, and the vas deferens is 

formed as a diverticulum from the free inner pole of the penis. According 

to Bouzaud (1885) the whole genital apparatus of Pulmonates is the 

product of a single cellular bud on the inner side of the wall of the neck 

region at a point which later becomes the site of the common genital orifice 

in the Helicidae and of the female pore in the Limnaeidae. The penis arises 

as a secondary bud, which in Hdix is situated upon the primitive bud, but 

in Limnaea upon the wall of the neck region a short distance from the 

primitive bud. Bouzaud attributes the separation of the penis rudiment in 
VOL. XX vn. 21 
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Limnaea to its passive migration, but E^lotz (1889) denies that any such 
migration takes place. 

Von Jhering and Brock assign to the penis a quite different mode of 
origin. The former (1875) states that the parts of the genital apparatus in 
Hdix pomatia and H. nemoralia are not separately developed (differing 
from Eisig's results on Liinnaea), but arise as differentiations of a meso- 
dermal rudiment. Brock (1886) describes the first appearance of the penis 
in Agriolimax agrestia (L.), not as a separate structure but as a swelling, 
afterwards a blind sac, on the purely mesodermal primitive genital duct, 
which latter is not at first in connection either with the ovotestis or the 
exterior. He also found that the vas deferens develops as an outgrowth 
from the inner end of the penis, and its free end unites with and opens 
into the common duct. The genital duct establishes communication with 
the exterior by means of the genital atrium opening outwards ; there is, 
according to Brock, no trace of invagination of the skin to form either the 
penis or the atrium. For several reasons it is unfortunate that Brock's 
careful work was carried out on Agriolimax, which, however convenient it 
may be from the point of view of microtome technique, is so modified in 
various directions that it could scarcely be expected that the ontogeny of 
the genital organs would remain unaffected.* Especially from the point 
of view of the development of the penis, the particular species (agrestia) 
investigated was very ill adapted for the purpose, as Simroth (1887, pp. 
646-647) remarked, because of the indefinite form and structure of that 
organ in the adult. 

Subsequent to the publication of Brock's results Klotz (1889) investigated 
the development of the sexual organs in Limnaea ovata and affirms that the 
penis arises independently at the hinder margin of the right tentacle, as an 
ectodermic invagination, thus closely agreeing with Eisig (who, however, 
described the ingrowth as solid). 

A consideration of the above accounts seems to indicate that in Limnaea 
the penis is formed directly from the epidermis either as a solid or a hollow 
ingrowth, but in Helix and Agriolimax its development is bound up with 
that of the genital atrium and the neighbouring parts of the female duct, so 
that the penis appears to arise from the atrium or from the oviduct, more 
probably from the former which is relatively long in the earlier stages. 
The vas deferens, according to Eisig and Brock, arises as an outgrowth 
from the inner end of the penis, but according to Rouzaud, Simroth and 

* See also the observatione of Simroth and Babor below (p. 324), which show that the 
penis in some Limacidae, ^g, Agriolimax laevis and Limax maximuB^ is frequently delayed 
in development. 
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Klotz, it seems to be produced by a process of splitting from the penis 
rudiment. 

The condition of the supernumerary penis and vas deferens in the 
abnormal Hdix indicates that the penis arises from the epidermis as a solid 
or hollow ingrowth which has been secondarily carried inwards by the 
invaginating atrium. Its development would be difficult to explain if the 
penis were differentiated from, and dependent for its origin upon, a primitive 
mesodermal sexual duct, as held by Brock, for there is no trace whatever of 
any such duct on the left side of this Helix, The supernumerary vas 
deferens probably arose in the normal way as a diverticulum from the inner 
end of the penis. 

The origin of the penis from the epidermis is in agreement with its 
phylogenetic history, which points to its appearance as an elevated 
epidermal organ, at first non-introversible and grooved, but later intro- 
versible and tubular, and also better accords with other observations upon 
abnormalities in the Pulmonata than would the origin of the penis from 
any part of the female or common sexual ducts. Bietrix (1886) records a 
specimen of Hdix pomatia in which the genital apparatus is divided into 
three quite separate portions: (1) the ovotestis and albumen gland, (2) the 
dart sac and mucous glands, and (3) the penis and its annexes. The penis and 
flagellum are quite normal,* but the vas deferens is represented by a short 
csBCum 4 mm. in length. The atrium appears to be a single swollen prolonga- 
tion of the penis sheath. Mangenot (1883) describes a specimen of Helix 
pomatia in which the external genital aperture is closed, in consequence of 
which the atrium and vagina are much dilated by imprisoned fluid contents. 
The atrium is somewhat oval in shape, and the vagina and penis open into it 
at opposite ends of its longer axis. The penis has the usual form and size, 
but the vas deferens is a slender caecal appendage 6 mm. long, arising from 
the inner end of the penis. The vas deferens, which bears a flagellum of 
approximately normal size, has no connection whatever with the common 
duct, and the only connection between the penis and the vagina is the purely 
secondary one afforded by the atrium. Both these cases indicate that the 
penis arises quite independently of the common duct or the vagina, and 
that its development is, in Helix, closely associated with that of the atrium. 

That the penis " Anlage " in some cases fails to develop seems to be 
indicated by the recorded examples of absence of the male sexual organs in 
the Pulmonata. Such a defect is more readily understood if these organs 
arise from a separate " Anlage " than if they form an integral part of the 

* Except that the retractor muscle is represented by two strands with separate origins, 
but these unite so that tbe muscle is single at its point of insertion on the penis. 
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genital duct from its earliest appearance, for in many ca«es the rest of the 
genital apparatus is quite normal. Von Jhering (1885, p. 207) remarks 
upon the frequent absence of the male apparatus in specimens of LiTnax, 
and Simroth (1883-1885, p. 223) describes three specimens of Agriolinfiax 
laevis as being purely female,* though the one figured (Taf. 9, fig. 22H) 
shows a small papilliform rudiment of the penis but no trace of vas 
deferens-! Simroth (1890, pp. 21, 22) also figures two examples of Vitrina 
lamarcki which show different phases of reduction of the male apparatus. 
In one case (Taf. 2, fig. 11) the penis is quite rudimentary in the form of a 
small nodule on the wall of the atrium ; it has no retractor muscle and no 
connection with the sperm-duct. The figure (Taf. 2, fig. 10) of another 
example shows a penis only slightly larger, without a retractor muscle, but 
the vas deferens opens into it. A similar condition to this last is also 
figured by Simroth (1891, p. 228, and Taf. 9, fig. 13) in a specimen of 
Plutonia atlantica, CoUinge records specimens of Helix aapersa (1893, 
p. 237), Avion intermedins (1893, p. 238), and A, hortensia (1904, p. 15), 
in which the male organs are wanting; in the two latter the common duct con- 
sisted of oviduct only. It is possible that in some of the cases above mentioned 
the animals concerned were young and proterogynously hermaphrodite, and 
that although the male organs had not yet made their appearance, they would 
have done so later. Babor's observations (1894) show that this is probably 
the case in AgrioliTnax laevis^ All the young examples (not more than 
2 cm. long) of this slug which he examined (1894, p. 56) possessed only 
female genitalia, and the gonad contained only ova or ova along with a few 
spermatogonia. After further growth the penis and its annexes were 
formed upon the atriiun, and so the hermaphrodite organs became complete. 
In two large specimens, 4 cm. long, the penis was hypertrophied and the 
gonad was purely male. Limax maxiimua is also proterogynous, but even 
young animals have a rudimentary penis although the gonad at this time 
contains ova only (loc, cit, p. 57). When they have reached their definitive 
size, the animals are hermaphrodite or male, the gonad swarms with 
spermatozoa, and the penis is large. Babor (p. 58) concludes that in most 
Limacidae there is a cycle of development, the animal being at first unisexual 
(in the cases above cited — female), then hermaphrodite, and finally again 
imisexual (male, in the cases cited). 

The examples described by von Jhering, Simroth, and Babor are there- 

* The gonad contained ova only. 

t Simroth (1892-1893) recorded a specimen of Limax primitivus in which a retractor 
muscle was attached to the wall of the atrium, hut there was no penis. Babor (1894, p. 57)^ 
however, having examined this example, concludes that a penis is present. 
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fore probable cases of proterog3nioiis hermaphroditism. The gonad first 
assumes the female condition, in many Limacidae and possibly in some other 
Stylommatophora,* in correlation with which the common duct consists of 
oviduct only, and the penis " Anlage " is, for a time at least, suppressed or 
remains rudimentary. 

It is interesting to note that all the cases (with one exception — Collinge's 
Helix a&persa) of absence or great reduction of male organs f in the 
Pulmonata have been recorded in genera in which the shell is depressed, 
reduced, or absent — that is, in the most specialised forms. But in the figures 
of these specimens of Liwxjbx, Agriolimax, and Vitrina given by Babor and 
Simroth the penis rudiment is invariably found on the wall of the atrium, 
and there is nothing in the figures to show that the penis is formed upon 
the primitive genital (which becomes later — the common) duct. 

Consideration of the abnormalities described in the preceding pages 
leads to the conclusion that the penis develops as an epidermal structure 
which, in the Stylommatophora, is closely associated with, and is secondarily 
carried inwards by, the invaginating atrium. The intimate connection of 
the atrium and penis is especially well seen in the supernumerary organs 
of the specimen of Helix described in the earlier part of this paper (pp. 314 
to 317) and in the example recorded by Bietrix (see above, p. 323). The 
origin of the vas deferens as a diverticulum from the inner end of the penis, 
which only later fuses with and opens into the male part of the common 
duct, is strongly supported by the conditions seen in the specimens described 
by Bietrix and Mangenot (p. 323). In proterogynously hermaphrodite forms, 

* The absence of penis in other Opisthobranchs seems to be attributable to a similar 
cause. For instance, Peck (1887-1890, p. 349) describes specimens of Oymbuliopm calceola 
in which the gonad is in a state of female activity and there is no penis, and Pelseneer 
(1893, p. 24, footnote 2) gives a similar record in the case of Clio striata, 

6iard(1888) refers to a specimen of Paludina infected with Distonium militare, probably 
a case of parasitic castration, in asisociation with which the penis is reduced ; he attributes 
to a similar cause the occasional absence of penis in specimens of Pterotrachea^ otherwise 
showing male characters. 

t Reduction of the female ducts has been rarely observed in the Pulmonata or in any 
other hermaphrodite mollusc (Pelseneer, 1896, pp. 37-38). Schuberth (1892, p. 50) has 
described an example of Helix porruUia in which the oviduct is almost completely atrophied 
for a distance of 36 mm. from the albumen gland, so that it is present above the prostate 
as a mere streak. The anterior portion of the oviduct is, however, fully developed. In one 
or two of the large male examples recorded by Babor the female ducts have undergone 
partial reduction, but were probably formerly present in a fully-developed condition. 

The list of recorded abnormalities in the genital apparatus of Pulmonates, as far as they 
have come under my notice, may be completed by reference (1) to an anomalous specimen of 
Clausilia martensi mentioned by Babor (1900), in which the penis and vas deferens are 
fused so as to form a hoop, and (2) to a specimen of Urocyclus ehlersi^ described by Simroth 
(1905), in which occlusion of the opening of the penis into the atrium has taken place, and 
the distal end of the penis has dilated to form a thin- walled spermatophore-sac. 
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especially in those in which the shell is depressed, reduced, or absent, the 
development of the penis rudiment may be postponed until the male 
elements in the gonad are further developed. 



Summary. 

1. An accoimt is given of a fully grown specimen of Helix pomatia, 
which, in addition to the normal set of reproductive organs present on the 
right side, possesses also on the left side a set of accessory male organs — 
namely, a penis and its retractor muscle, vas deferens, and flagellum. There 
is no trace of connection between these supernumerary organs and the 
ovotestis or the genital ducts of the right side. 

2. The normal and supernumerary penes are equally developed and are 
symmetrically placed with regard to the median plane of the head. 

3. The extra penis has the usual structure ; it possesses a fully-developed 
copulatory organ and a muscular tubular introvert upon the inner sheath. 

4. The extra v£U3 deferens opens at one end into the penis and at the 
other terminates blindly in the sub-epidermal tissue ; the blind end is bound 
to the epidermis by a short cord of connective tissue. 

5. The extra flagellum is normal in size and in its internal structure. 

6. The penial nerves on both sides have a corresponding course from 
the cerebral ganglion to their distribution on the penes. Owing to defective 
preservation it was impossible to determine whether the fibres of the extra 
penial nerve arise from the ocular nerve, as is apparently the case, or 
whether they really arise from the pedal ganglion, as do those of the normal 
penial nerve. 

7. The penis opens into a short atrium which communicates with the 
exterior by a genital aperture of normal size and shape. This super- 
numerary genital aperture occupies a position on the left side exactly 
corresponding to that of the normal one on the right side. About 2*5 mm. 
posterior and slightly dorsal to it is the blind end of the vas deferens, which 
is situated close to the dorsal margin of the epidermal groove, which tra- 
verses the anterior portion of the animal. 

8. In the duplication of the penis and its associated structures this snail 
presents an example of lateral homceosis. The only comparable cases 
recorded in the Mollusca are a Pteropod with paired penes (see Addendum, 
p. 327) and a specimen of Moschites cirrosa, in which not only was the third 
right arm hectocotylised as usual, but the third left one also. 

9. The supplementary vas deferens and the retracted penis form a 
U-shaped loop, both ends of which are in contact with the epidermis, and 
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so closely resemble the corresponding structures figured by Plate in the 
primitive Pulmonate, Pythia acaraheua, that these organs may be described 
as having identical relations in the two forms, except that in the supple- 
mentary organs of Helix the vas deferens has no actual opening at its 
epidermal end and that it bears a flagellum which is not present in Pythia. 
It is suggested that the supplementary organs of Helix, having been able 
to develop free from the disturbing influence of the vagina, oviduct, and 
their accessory structures (which on the right side have been secondarily 
moved forwards in phylogeny), have assumed a condition closely resembling 
that which they would present in the ancestral form in which male and 
female apertures were some distance apart. The form of the extra organs 
(the vas deferens having a close connection at one end with the epidermis), 
which, it is suggested, might also be assumed by the corresponding normal 
organs if they were also free to develop independently of the female 
structures, supports the view that the present condition of the genital ducts 
in Helix and in other Stylommatophora, has been derived from a condition 
existing in the ancestral form in which the vas deferens and penis were 
connected with the primitive genital opening by means of a lateral groove, 
such as is still found in Pythia, 

10. Consideration of this and of other abnormalities which have been 
described in the Pulmonata leads to the conclusion that the penis develops 
as an epidermal structure which in Helix and other Stylommatophora is 
closely associated with, and is secondarily carried inwards by, the invagin- 
ating atrium. In proterogynously hermaphrodite forms, especially in those 
in which the shell is depressed, reduced, or absent, the development of the 
penis rudiment may be postponed until the male elements in the gonad are 
further developed. 



ADDENDUM. {August 3, 1907.) 

After this paper was in type a record of another abnormality, present- 
ing a close parallel to the one described on pp. 312 to 317, was brought to my 
notice by Professor Simroth. Meisenheimer (Pteropoda, in Wiaa. Ergehn. 
Deutach Tiefsee-Exped. auf dem Dampfer " Valdivia," 1898-1899, Bd. ix. 
pp. 290-291, text-fig. 32: Jena, 1905) describes a single example of the 
gymnosomatous Pteropod Halopsyche gaudichaudi, Souleyet, in which there 
are two penes symmetrically placed on the right and left sides of the buccal 
mass. Tlie internal genital organs are quite normal, and the genital 
duct opens to the exterior on the right side of the body. From this 
aperture a seminal groove leads forwards to the vas deferens and penis 
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(c/. text-fig. A, p. 319). On the left side of the animal, in a position 
corresponding to that of the right penis, there is an equally well-developed 
penis, with a vas deferens, from which a seminal groove extends back- 
wards some distance, and finally disappears on reaching the dorsal surface 
of the body. There is no connection between the supplementary penis 
and the normal genital organs. 
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DESCRIPTION OF THE PLATE. 
Key to the Reference Lktters. 



Alb.G. Albumen srland. 



O" 



Art. Artery. 

Atr. Genital atrium. 

C.D.F. Common duct, female portion. 

C.D.M. Common duct, male portion, covered with prostatic tissue. 

C.G. Cerebral ganglion in its sheath. 

Cn. Connectives (cerebro-pleural and cerebro-pedal) in their sheath. 

CO. Copulatory organ. 

CoN.T. Connective tissue cord connecting the blind end of the super- 
numerary vas deferens to the epidermis. 

D.S. Dart sac. 

E. Eye. 
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Ep. 


Epidermis. 


Ep.Gr. 


Groove in epidermis. 


F. 


Foot. 


Fl. 


Flagellum. 


FuS. 


Supernumerary flagellum. 


G.O.S. 


Supemumerarj external genital opening. 


H.D. 


Hermaphrodite duct. 


H.D.S. 


Hermaphrodite duct, saccular portion. 


Intr. 


Muscular introvert on inner sheath of |)enis. 


Mo. 


Mouth. 


M.RBTR. 


Retractor muscle of foot, its two portions embracing the epi- 




dermal ends of the supernumerary penis and vas deferens. 


M.BBTR.A. 


Retractor muscles of the anterior end. 


^r.B8TR.B. 


Retractor muscle of buccal mass. 


M.RrrR.P. [ 
M.Rrra.F I 


The two portions of the retractor muscle of the penis. 


M.RKTB.P.S. \ 

M,ROTaP.S.' i 


The two portions of the retractor muscle of the supernumerary 


penis. 


M.BbtilTent.P.L. Retractor muscle of left posterior tentacle. 


MccG. 


Mucous glands. 


N.B. 


Buccal nerves (cut short). 


N,F. 


Pedal nerves. 


N.FAa 


Facial nerve. 


N.G. 


Genital nerve. 


N.L.E. 


External labial nerve (also supplies anterior tentacle). 


N,L.L 


Internal labial nerve. 


K.Oc 


Ocular nerve. 


K.P. 


Nerve to penis (penial nerve). 


N.P.L. 


Left pallial nerve. 


N.P.M. 


Median pallial nerve. 


X.RR. 


Right pallial nerve. 


N.RS, 


Nerve to supemiunerary penis. 


0,T, 


Ovotestis. 


OVD, 


Oviduct. 


P. 


Penis. 


Pa. 


PapiUa. 


p.a 


Supernumerary penis. 


P.SH.L 


Inner sheath of penis. 


RSh.0. 


Outer sheath of penis. 


R.S. 


Receptaculum seminis (or spermotheca). 


RS,R 


Bulb of receptaculum seminis. 


Sh. 


Connective tissue sheath enclosing the origins of the retractor 




muscles of the penea. 


Tknt.A^L. 


Left anterior tentacle. 


Tk»T.A.K 


Right anterior tentacle. 


TBST.P.L. 


Left posterior (or ocular) tentacle* 


'ItoT.PJl 


Right posterior (or ocular) tentacle. 


Y. 


Vaanua* 



Ashworth . HELIX POMATIA 

VpS NF*C 
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* 
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V.D. Vas deferens. 

V.D.S. Supernumerary vas deferens. 

V.P.G. Viscero-pleural ganglion. 

V.S. Vesicula seminalis. 

+ In iig. 1 indicates the position of the epidermal blind end of the supernumerary 
vas deferens. 



Figures* of the Abnormal Specimen of Helix pomatia, L., 

all twice natural size. 

Fig. 1. The anterior end seen from the left side, to show the supernumerary 
genital orifice (G.O.S.). The + marks the position of the epidermal blind end of 
the vas deferens. For further description, see pp. 315, 316. 

Fig. 2. The dissection seen from the dorsal aspect. The alimentary canal, 
heart, nephridium, and roof of mantle chamber have been removed and the repro- 
ductive organs spread out so as to display the various parts. The supernumerary 
flagellum (Fl.S.) is incomplete, its terminal portion having been accidentally severed 
and lost. The cerebral ganglia (C.G.) are shown still enclosed in their sheath (as the 
latter could not be safely removed), as are also the connectives (Cn.). The sheath 
has, however, been removed from the viscero-pleural ganglion (V.P.G.), which is seen 
to be divisible into five portions — a median abdominal ganglion, right and left of 
which is a visceral ganglion, to the outer side of each of which is a pleural ganglion. 
The pedal ganglia are more ventrally situated and are not shown in the figure; 
only a few of the pedal nerves are shown ; no attempt has been made to represent 
those which run posteriorly. On the right side the muscle (M.Rbtr.) which retracts 
the anterior end and the foot has been severed ; the retractor of the buccal mass 
(M.Rbtr.£.) has also been cut through. 

For descriptions of the normal and supernumerary reproductive organs, see 
pp. 312, 313, and 314, 315. 

Fig. 3. A dissection of the supernumerary organs from the left or outer aspect. 
The outer and inner sheaths of the penis have been cut open to show the copulatory 
organ (CO.), the introvert (Intr.), and also the rugose folds on the inner surface of 
the inner sheath. The blind end of the vas deferens (V.D.) is seen close beneath 
the epidermis, to which it is attached by a short cord of connective tissue (Con.T.). 
Only a small portion of the flagellum (Fl.S.) is shown. A bristle has been passed 
through the external genital opening into the lumen of the penis. For further 
description, see p. 316. 

Fig. 4. A further dissection of the distal portion of the penis, from the left or 
outer aspect. The incision in the sheaths of the penis shown in fig. 3 has been 
continued to the left (that is, distally), so as to extend to the genital opening. The 
flaps have been turned back so as to afford a clear view of the inner surface of the 
inner sheath in its distal portion. Note the longitudinal folds and the papilla 
(Pa.). Probably the region from this papilla to the external opening (G.O.S.) 
ought to be regarded as atrium. For further description, see pp. 316, 317. 

* The cost of drawing the figures on atone has been defrayed by a grant from 
the Carnegie Trust for the Universities of Scotland. 

(Issued separately October 4, 1907.) 
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XXXIII. — A Sketch of Japajiese National Development, more 
especially with reference to Education. By Baron Kikuchi, 
M.A., D.Sc, LIuD., Emeritus Professor of Mathematics in the 
Imperial University of Japan (ex-Minister of Education, and 
formerly President of the Imperial University). 

(An Address delivered at the request of the Council, 17th June 1907.) 

Fifty years ago, Japan was almost a mythical land to the Western 
world ; what little was known of it was through the medium of the Dutch, 
who were allowed to trade in the single port of Nagasaki. What we 
Japanese knew of the outer world was also derived mostly from them, and 
from such books as were brought into the country by them. In 1853 came 
Commodore Perry, and demanded that we should open up our country to 
the commerce of the world ; we were but ill prepared for such a course, but 
it was not in our power to resist the demand, and unwillingly enough the 
Shogun's government was obliged, notwithstanding the strong opposition of 
the Imperial Court and of the conservative elements in the country, to 
contract a treaty of commerce with America, which was speedily followed 
by those with other nations. 

Brought thus face to face with the Occidental nations, we saw how 
immensely superior to us they were in power, and that if we would not 
be treated as inferiors — nay, if we would preserve our existence as an 
independent nation — we must acquire the knowledge and learn the arts 
which gave them this power. We therefore earnestly and resolutely set 
to work to do this. The results, some of which were manifested during the 
late war, seem to have astonished those who have not watched us closely. 
In fact, I think in former days we were not taken seriously by the world. 
We were regarded as children, merry, carelessly enjoying the life, never 
earnest in anything ; Japan was regarded merely as a land of curios, of 
ivory netsuk^s, of flowers, of pretty sceneries and pretty arts, of geishas, of 
Madame Chrysanthemes. One of my friends who was in England at the 
time of the war told me that he was asked how the Japanese had managed 
to jump out of their skin. Now, I hope to show you to-day, as well as I 
can in so short a time, that we did nothing of the kind — that all we have 
done is simply a natural outcome of our historical development. 

I think it may be said to be one of the most characteristic traits of the 
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Japanese people that we are eager to find out what other people have got to 
teach us ; we are apt pupils, and when we think that the adoption of new 
methods, material or intellectual, is conducive to the progress of our 
country, we do not hesitate to adopt them, wherever we find them. I know 
that we have been reproached for this: we have been told that we are 
nothing but a nation of plagiarists, only capable of imitating what other 
people have done and not of originating anything. For the present, we are 
quite content to bear this reproach ; we have been so busy with introducing 
Western civilisation that we have not perhaps done much original. And 
yet I think, in some respects, we have succeeded, if not in doing anything 
original, at least in adapting what we have adopted from others to our needs, 
and in improving upon them so far as our own circumstances are concerned. 
I would even point out on behalf of my countrymen, if I may be allowed, 
that we have already made some original investigations in science, the 
results of which are very important, and some, I have been told, even epoch- 
making ; but it is not now my purpose to enlarge upon this point. 

The present is not the only time that we have deliberately introduced an 
alien and, as we considered, a superior civilisation. In the sixth century we 
were brought into contact with the Chinese civilisation ; at first through 
Corea, and afterwards directly, it was introduced into Japan. Our ancestors 
saw, as we see in more recent times, the superiority of the new civilisation, 
and, perceiving that its adoption would tend to the betterment of their 
political, social, and moral conditions, deliberately set about to adopt it. We 
learned many new arts and crafts ; we had no letters, so we borrowed their 
ideographs, we even adopted their literature bodily ; astronomy, mathematics, 
medicine, and other branches of knowledge were imported and taught to 
our young nobles in the University. And, because our old and somewhat 
primitive system of government was not fitted to the new and more complex 
state of society induced by the introduction of the new civilisation, and also 
because many abuses had crept in, laws and administrative system were 
reformed after the Chinese model ; " the Reformation of Taikwa era " (middle 
of the seventh century) and the promulgation of "the Taiho code'* (701), 
covering the whole range of government administration, including what 
would not now come under such, can only be compared to the reforms 
and changes of the present era of Meiji. We have thus twice within the 
historic age made almost complete changes in our system of government, 
in our laws, and in our institutions, entirely after foreign models. 

Yet, amidst all these changes, we have kept the essential characteristics 
of our nationality. That we should have been most deeply affected in our 
thoughts and ideas by the Chinese b'terature is only natural, and quite true. 
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But there was something peculiar to our people, which has persisted through 
all those changes, and that is what we call "Yamato Damashii," or the 
Japanese spirit. This spirit, which Motoori, the founder of Nco-Shintoism, 
has characterised in a famous ode as " like the blossom of the mountain 
cherry blooming in the morning sun," consists essentially in the intense 
love of country and reverence for and devotion to the Imperial House. The 
peculiar reverence that we Japanese have for the Imperial House, our loyalty 
and devotion, is a heritage of many centuries. The relation between the 
Emperor and the people is not simply one between the present Emperor and 
the present generation of the Japanese people, but a relation between his 
ancestors and our ancestors for many centuries. On this point we are in 
direct opposition to the teaching of Chinese philosophers, for the Chinese 
are democratic in this respect ; two of the most revered of their Emperors, 
Yao and Shung, bequeathing their throne not to their sons but to whom 
they deemed to be the worthiest successors. We have borrowed a great 
deal from China, but in our exaltation of loyalty and reverence to the 
Imperial House we have kept throughout all ages our own peculiar ideals 
as distinguished from the Chinese, notwithstanding the respect in which 
the Chinese ethics have always been held. 

This relation between the Imperial House and the people is the 
fundamental character of our nationality. It goes back to the days of 
mythology, when the first ancestor of the Imperial House, the goddess Ama- 
Terasu-0-mi-Kami, or the great goddess of Celestial Light who reigned in 
the Taka-Ma-ga-Hara or High Heavenly Plain, sent down her grandson to 
Japan, saying, " This is the land of which my descendants shall be the lords. 
Do thou proceed thither and govern it. Go ! The prosperity of thy dynasty 
shall he coeval with Heaven and Earth" These last words are continually 
occurring in our literature, and are regarded as ** the charter of the land " by 
the Japanese. It was, however, the great-grandson of this prince who finally 
succeeded in establishing himself in the province of Yamato, and founded 
the Japanese empire. From this first Emperor, known as Jimmu Tenno, 
there has been ons unbroken line of descent to the present Emperor. This 
unique character of our Imperial dynasty, together with the ancestor- 
worship or reverence for ancestors, has brought about the peculiar relation 
that I have mentioned as existing between the Imperial House and the 
people. 

The ancestor-worship which I have just mentioned is another of our 
national characteristics which has persisted from the earliest times to the 
present day, and it is closely connected with the relation between the 
Imperial House and the people ; for were there no spirit of reverence for 
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ancestors, this relation would not derive the importance it has from the fact 
of its persistence for generations of our ancestors. 

I have tried to explain briefly the essential or fundamental characteristics 
of the Japanese people: I would refer you to my inaugural address at 
London University, published in the NiTieteenih Centv/ry for June, for 
some further details, and now pass on to a brief account of what happened 
within more recent times, in order that you may know in what condition 
we were just before we were brought into contact with the Occidental 
nations. 

From the beginning of the sixth century, and for more than a century 
after, some of the great noble houses took advantage of the somewhat 
peculiar condition of the Imperial House at the time to usurp a great deal 
of the power of government into their hands ; and, although it was restored 
for some time into the Imperial hands, the great house of Fujiwara again 
succeeded gradually in establishing itself in authority. Empresses were 
always chosen from daughters of their house, and none but issues of these 
ascended the throne, and the Fujiwaras became practical rulers of the land ; 
high government offices were almost exclusively conferred on members of 
their house. The court was given up to refinement and luxury, and 
governors of provinces stayed in the capital, preferring easy and pleasant 
life at the court to the rough and hard duties in the provinces. Under 
such conditions it is not to be wondered at that maladministration and 
abuses of all kinds were rampant ; then it was that the military class first 
came into existence. At first they were willing to serve in minor and 
rougher offices about the court, and to undertake military expeditions into 
outljdng provinces, and even to serve as guards to the nobles of the 
Fujiwara house. Gradually the two houses of Taira and Minamoto, who 
were both of them descended from the emperors, became leaders of this 
class, and, as was almost inevitable, they were not content long to occupy 
subordinate positions. At first the Tairas got hold of the government, but 
they soon followed in the footsteps of the Fujiwaras, and became arrogant, 
luxurious, and degenerate. The Minamoto house, which had been almost 
destroyed by its rival, the Tairas, arose under its able leader, Yoritomo, and 
in its turn destroyed the Taira house entirely. It is a remarkable fact, as 
showing the reverence in which the Imperial House has always been held 
through all its vicissitudes, that in the rising of Yoritomo the Imperial 
rescript given him to rise and destroy the Tairas and deliver the court from 
their arrogance played a highly important part. Yoritomo, wise enough to 
perceive the mistakes of the Tairas, established himself in Eamakura, 
instead of Kyoto, and, leaving the court to itself, proceeded to frame a 
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scheme by which all the real powers of government became his in virtue of 
his offices as the generalissimo of forces to subdue the barbarians (Sei-I- 
Tai-Shogun) and as the superintendent of the police for sixty-six provinces 
(Rokujuroku-Koku-So-Tsuihoshi). I cannot enter into the most adroit 
manner in which all these changes were accomplished ; but since this, which 
we may perhaps date from 1190, the year of the appointment of Yoritomo 
to the office of the superintendent of the police, until 1868, with a very 
brief interval in the fourteenth century, the country was under the rule of 
the military class, the Shoguns or their regents being the practical rulers of 
the land. Again I repeat that nevertheless all this time the people in 
general, including the military class and the rulers themselves, held the 
Imperial House in utmost reverence. I lay great stress on this point, 
because, as I have stated, I consider this a most important factor in our 
national development. 

And here I must say a few words about a particular sect of Buddhism, 
viz., the Zen, which has exercised a very great influence on the military 
class, from the time when it became the ruling class of the country. Its 
influence is felt in our character even at the present day, and something 
must be said about it if we would fully understand the spirit of our people. 
The Zen sect wa^s first introduced into Japan just about the time of the 
establishment of the feudal system by Yoritomo ; it was warmly welcomed 
by the military chiefs, just as the earlier sects introduced had been by the 
court; and many Zen temples were built by them in Kamakura and 
afterwards in Kyoto. There were many reasons why it should be so well 
received by the military class. It teaches a man how to arrive, by means of 
a certain form of contemplation, at a habitual state of mind which will 
enable him to meet with calmness any event and endure with indifference 
any hardship. Such a power of perfect self-control and undisturbable peace 
of mind must indeed be invaluable to a man of any profession, but more 
especially to a Samurai of old days, whose life had to be spent amid 
continual dangers and hardships. There was also charm in that it did not 
require on the part of its votaries any profound book-knowledge ; it was 
also in accord with that simplicity and frugality which were the 
characteristics of the Samurai. I may mention that at the present time 
there are many earnest young men who perform this contemplation at the 
temples of the Zen sect. 

Coming down now to the fifteenth century, we find that, owing to the 
weakness of the central government, military chiefs arose in all parts of 
the country and were continually fighting against each other. Among 
these, there appeared three great men. The first was Nobunaga, who from 
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being a petty lord of Owari brought the whole of central Japan under his 
power. After he was attacked and killed by one of his generals, another 
of his generals, Hideyoshi, better known by his subsequent title of the 
Taik5, succeeded him in power and established his authority over the whole 
country. After his death in 1598, Tokugawa lyeyasu, who had been 
gradually strengthening himself, biding his time and patiently waiting 
for his opportunity under Nobunaga and Hideyoshi, became the Sei-I-Tai- 
Shogun in 1603, and established his government in Yedo, where his 
successors ruled for fifteen generations until 1868. 

By the defeat and death of Hideyori, Hideyoshi's son, in 1615, lyeyasu's 
authority became undisputed, and the country enjoyed profound peace for 
two centuries and a half, during which the feudal system of government 
received its most perfect development, and the Bushid5 or "the Way of 
Samurai " was fully elaborated. 

The first three Shoguns of the House of Tokugawa, all three men of 
great capacity, assisted by many followers of devoted loyalty and highest 
ability, succeeded in thoroughly consolidating their authority and in 
completing the organisation of government. As an example of the method 
by which the Shogunate kept the daimyos completely under their power, I 
may take the case of Maeda, the daimy5 of Kaga. As this was a powerful 
house, whose territories extended over the three provinces of Kaga, Noto, and 
part of Echizen, and whose annual revenue exceeded one million kokw of 
rice, a cadet of the Tokugawa house was made the Lord of Echizen, to 
block the route of Maeda to Kyoto, and several faithful retainers of 
Tokugawa were made to be daimyos in Echigo, to the north; thus 
completely shutting in Maeda. A similar policy was pursued towards all 
daimy5s who were likely to be a cause of anxiety to the Shogunate. 
Another device was that of requiring the sojourn in Yedo of every daimyd 
at fixed intervals and for a fixed period ; while their wives and children 
were obliged to reside in Yedo, thus serving as hostages. Thus, although 
daimyos enjoyed almost complete autonomy within their territories in 
almost everything, financial, military, judicial, educational, and industrial, 
the Shogunate seldom interfering except in extreme cases, yet this device 
effectually obviated too dangerous independence. 

So well was this policy towards the daimyos planned, that the shutting 

up of the empire from all foreign intercourse, which, as you are aware, was 

deliberately ordered by the third Shogun, and consequent absence of all 

external competition and stimulus, was compensated for by the balance of 

power, as it were, between the different daimyos, and did not give rise to such 

stagnation and decline as were likely to happen to a nation situated in such 
VOL. xxvii. 22 
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circumstancea On the contrary, the daimyos and their counsellors were 
ever strenuous in their endeavours to uphold and increase the power and 
honour of their clans, on the one hand by promoting the education and 
training of their retainers and stimulating their spirit, and on the other by 
encouraging the industrial arts and crafts, tending to the increase of wealth 
within their territories. Indeed, the propagation of education and the 
development of industry, fostered by peaceful rivalry, were the two great 
products of two centuries and a half of the Tokugawa Shogunate, which 
not only preserved the country from stagnation and decline during that 
period, but enabled the nation, when it was brought face to face with the 
Occidental nations at the close of that period, to assimilate their knowledge, 
and gave it flexibility enough to adopt their methods. 

Up to the beginning of the Tokugawa Shogunate, Buddhist temples 
were almost the only places where people could obtain any learning ; even 
the sons of military chiefs were mostly taught at these temples, and they 
continued to be schools for the common people long after. It is also to be re- 
marked that from the thirteenth to the sixteenth centuries most of the great 
generals and lords were assisted by the counsels of priests, mostly of the 
Zen sect. There were in those days, indeed, no learned scholars who were 
not Buddhist priests. Towards the close of the sixteenth century, a man 
named Fujiwara Seikwa, who had been a Buddhist priest but had renoimced 
Buddhism, was the first to teach Confucian moral philosophy as interpreted 
by Shu-shi, a philosopher of the Sung dynasty, and distinct from Buddhist 
teaching. lyeyasu was a great admirer of Seikwa, and the teachings of 
the Shu-shi school of the Confucian philosophy formed the basis of the 
teaching of Chinese classics, that is to say, of the education of the upper 
classes, thus causing the emancipation of our moral teaching from all 
religious influences. Other schools of Confucian philosophy arose, but 
none of them was so influential as the Shu-shi school. 

lyeyasu and his immediate successors were, however, too busy with the 
work of consolidation to do very much for the advancement of learning 
and education ; but Tsunayoshi (1680-1709), the fifth Shogun, who was a 
great Chinese scholar, gave a great impulse to the study of Chinese 
literature. He himself delivered courses of expository lectures on Chinese 
classics, which were attended by daimyos and his own immediate retainers. 
An Academy was opened for the first time in Yedo, where learned scholars 
of Chinese literature gave expository lectures of classics and made com- 
mentaries on them. This Academy continued till the beginning of the 
present era of Meiji to be a sort of University for the Chinese learning. 
Daimyds established schools in their territories for their retainers, not only 
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for the study of Chinese learning but also for trainmg in military arts, such 
as archery, fencing, use of spears, riding, Jujutsu, swimming, etc. The 
education of Samurais in those days consisted almost entirely of the study 
of Chinese literature and training in military arts. The former was chiefly 
cultivated not so much for literary purposes as for the humanities. Its 
system of moral philosophy was studied, that they might thereby be better 
fitted for the task of regulating their own individual conduct ; of properly 
managing the affairs of their house, that is to say, their family relations ; 
of taking share in the conduct of government of their lord's territories in a 
fit and proper manner ; and, if need be, of helping their lord in the wider 
sphere of national administration and government. History also was read, 
not for historical facts but for the lessons it gave of how states rose, 
declined, and fell ; how great men of the olden days dealt with different 
problems of government, and so on. 

Pedagogically speaking, there was great waste of time. Boys not older 
than five or six were made to learn books of Confucius. At first they were 
taught merely to read without understanding the meaning, but as they grew 
older they were taught to understand it, partly by lectures, which often 
consisted as much in moral sermons hung on to these texts as in their 
exposition, partly by their own thinking. Time, however, was no object in 
those old days ; and the mental culture and moral training they obtained in 
this way were very valuable indeed. Those who would not or could not 
acquire mental culture still obtained a certain amount of moral training ; 
and for the rest, they went in for military exercises, which also were largely 
encouraged, and in which they got a great deal of discipline and moral 
training. The masters demanded and obtained implicit obedience from 
their pupils, and considered themselves not mere teachers in the practice of 
these arts, but mental and moral mentors. Whether in literature or in 
military arts, if anyone showed special proficiency, he was allowed or even 
sometimes ordered to proceed to study with noted masters at schools 
belonging to the Shogun's government, or to some other daimyo, or at 
private schools. A daimyo who was fortunate enough to have a great 
master among his retainers was proud of the fact, and not averse to those 
of other daimyos coming to receive instruction from him. Then, again, 
there were some masters who were unwilling or unable to serve a daimyo, 
and opened schools which would often be very largely attended for the sake 
of their teaching. It'may also be stated that going in their lord's retinue 
to reside in Yedo was a very good education, giving them opportunities of 
obtaining views of a larger world and coming into contact with a variety 
of people. 
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Other studies besides Chinese were often taken up by different individ- 
uals, either according to their own taste or by the order of their lords. Thus, 
those who would be doctors had to study the Chinese system of medicine 
with other doctors, for there was no school at which it wa,s taught. 
Mathematics, originally introduced from China, were cultivated by some 
few. Seki, a contemporary of Newton, was a great mathematician. He 
invented a system of algebra, which was entirely original and gave him 
immense power in his further investigations. The results obtained by Seki 
and his disciples by their original investigations in metrical geometry, 
algebra, theory of series, etc., were of a very high order. In natural 
sciences, also, some progress was made, and Siebold, when he came to Japan 
to study our flora and fauna, found some very eager and enthusiastic 
pupils. There were many other branches of learning which were pursued 
by various people. Fine arts, industrial arts, and even games, such as Go 
and Chess, were encouraged and pursued with good results. Foreign 
learning was not wholly unknown towards the latter part of the Shogunate. 
I cannot forbear from telling you of one doctor named Maeno Rankwa 
(1723-1803), who, after succeeding in getting a knowledge of the Dutch 
alphabet and some two or three hundred words with great difficulty, got 
hold of a Dutch book of anatomy, and, comparing the figures in it with the 
body of an executed criminal which he secretly dissected, and being greatly 
struck by their correctness as contrasted with the old Chinese idea, 
determined with a few friends of like spirit to translate the book. It 
was almost like deciphering hieroglyphics, but after four years of hard 
work he at last succeeded in the task. Such was the spirit which actuated 
some, at least, of the old Samurai in their search for knowledge. 

This introduction of foreign knowledge may be considered a part of a 
remarkable intellectual revolutionary movement towards the end of the 
eighteenth century, somewhat similar to the lUuminism in Europe at the same 
period. It appeared in almost every branch of intellectual activity, in 
literature, in arts, in religion, and in politics. The rise of Neo-Shintoism 
and study of the history of Japan prepared the mind of more earnest 
thinkers to comprehend the real nature of the essential constitution of our 
empire. The usurpation of the powers of government by the Shoguns was 
beginning to be resented as an act of disloyalty and unrighteousness. More- 
over, occasional collisions with the Russians in the north were enough to 
cause a great deal of anxiety in thoughtful minds. Thus the country was 
ripe for a great change when Commodore Perry first appeared on our coast, 
in 1853, and by introducing the complications of foreign relations hastened 
the downfall of the Tokugawa Shogunate. This took place in 1868, only 
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fifteen years after the coming of Commodore Perry. The cry of the opponents 
of the Shogunate was " Restoration of the Imperial Government," " Great 
Righteousness," " Loyalty to the Emperor," and with at least a large section 
of it, "The Expulsion of Barbarians." Yet scarcely was the last of the 
Shoguns overthrown than one of the first acts of the new government was 
to grant the foreign representatives an audience with the Emperor, an 
act without precedent in our history. This so incensed the Conservatives, 
who had really believed in the cry of the expulsion of the foreigners 
under the Imperial banner, that some of them attacked the British repre- 
sentative, Sir Harry Parkes, as he was proceeding to the palace ; fortunately, 
they were prevented from doing harm by the bravery of two Samurai, who 
had been sent as guards. One of them. Goto, was afterwards a leader 
of the progressive party, who made earnest representations for a national 
assembly as early as 1874. 

I must turn back and say a few words about the education of the 
common people under the Tokugawa Shogunate. There were no provisions 
made for their education either by the Shogun's government or those of 
the daimyos or by their own communities in cities, towns, and villages, 
where the people were allowed to enjoy a great deal of self-government in 
local matters, under their headsmen or mayors. But almost throughout the 
whole country there were private schools where elementary teaching was 
given in reading, writing, and arithmetic. Writing formed a most important 
part of the curriculum, and it was mostly through lessons in writing of 
Chinese ideographs that they learned to know them, and therefore reading 
was an adjunct to writing. The text-books from which they learned were, 
after they had mastered the Japanese alphabet, sentences in which Chinese 
ideographs were mixed with the Japanese letters ; they were mostly moral 
maxims, so that here again we have moral teaching forming an essential 
part of the education. There were other books, by means of which 
knowledge of Chinese ideographs necessary in various arts and crafts, in 
geography, and in history was given. The fees for this tuition were very 
low, and facilities of education were thus within the means of even the poor 
people. The custom of going on pilgrimages to various shrines, scattered 
throughout the country, was very useful in imparting a practical knowledge 
of geography and even of history. There was, besides, a species of enter- 
tainment, very popular in some parts of the country, notably in Tokyo, 
called story-telling, in which professional story-tellers gave accounts of 
historical events in a most graphic if not always very accurate manner. 
It would not be an exaggeration to say that these and the drama served to 
show people in general the standard of morals, especially of loyalty in men 
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and chastity in women, of self-sacrifice in performance of duty, that were 
demanded of the Samurai and even of the common people. 

In April of 1868 the Emperor swore the following memorable oath, 
known as the Imperial Oath of Five Articles : — 

1. Deliberative assemblies shall be established, and all measures of 

government shall be decided by public opinion. 

2. All classes, high and low, shall unite in vigorously carrying out the 

plan of the government. 

3. Officials, civil and military, and all the common people shall, as far as 

possible, be allowed to fulfil their just desires, so that there may 
not be any discontent among them 

4. Uncivilised customs of former times shall be broken through, and 

everything shall be based upon the just and equitable principles 
of nature. 

5. Knowledge shall be sought for throughout the whole world, so that 

the welfare of the empire may be promoted. 
Thus, as I said at the beginning of my address, we set out deliberately 
to introduce Western civilisation ; and I have tried to show that we were 
not wholly unequipped mentally and morally for the task, and that, 
through it all, we have tried to keep the Japanese spirit, the fundamental 
character of our nationality, intact. 



{Issued separately October 5, 1907.) 
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XXXIV. — The Vaiiation of Young's Modulus under an Electric 
Current. By Henry Walker, M.A., B.Sc. Communicated by 
Professor J. G. MacGbegoe, F.RS. 

(MS. received May 20, 1907. Read June 24, 1907.) 

Object of the Investigation. 

This investigation was carried out for the purpose of extending to other 
substances an inquiry into the effect of an electric current on Young's 
Modulus, which was carried out by Miss Noyes on a steel wire at Cornell 
University, and described in the PhyaicaZ Review^ No. 4, vol. ii. In 
the investigation of Miss Noyes, the wire under examination was heated 
by a coil, the current being supplied by a storage battery. To vary the 
method of heating, the current was also sent through the wire with the 
expectation that the same effects would be obtained as when the wire 
was heated by the coil. This, however, was found not to be the case, and 
Professor Nichols, under whose superintendence the investigation was 
carried out, in his Laboratory Manual of Physics, vol. ii. p. 293, states 
that an extension of the inquiry to other materials than iron would be of 
interest. 

In the present series of experiments the behaviour of steel, soft iron, 
copper, and platinum was examined when a current was passed through 
the wires. 

General Plan of the Experiments. 

The wire to be tested was mounted horizontally on a solid block of wood 
and carefully adjusted so as to be parallel to lines ruled on it. Care was 
also taken to see that the wire was horizontal. It was placed in a glass 
tube of about 4 cms. diameter for protection against air-currents. This 
tube was 130 cms. long, and two holes were drilled in it, whose centres 
were 98 cms. apart, through which the positions of two marks on the wire 
were observed by microscopes. To prevent currents of air, the ends of the 
tube were stopped with cotton-wool. The temperature of the wire was 
determined by its electrical resistance. 

The microscopes employed had micrometers in the eye-pieces which 
were intended to be '01 mm. between each division; but on carefully 
measuring them it was found that in the right-hand microscope each 
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division was '00950 mm., and in the left-hand, '00944 mm. It was possible 
to estimate a tenth of a division. 

The temperature coefficient of the electrical resistance of the wires was 
determined by coiling them on a glass tube covered with silk, and 
immersing them in a vessel of oil. The resistance was determined for 
temperatures ranging from near zero to 150°. Great care was taken to 
obtain accuracy in measuring the various temperatures at which the 
resistance was determined. The temperature was taken by a platinum 
resistance thermometer. It had been calibrated by finding its resistance 
at 0"* and 100°, and drawing the graph on the a^ssumption that its resistance 
was zero at — 240°, according to the results obtained by Professor Callendar. 
This graph was then tested by finding the resistance in the vapour of 
boiling ethyl-alcohol and of boiling amyl-alcohol, and the differences were 
within the limits of experimental error. 

The method adopted for finding the temperature coefficient of resistance 
was the following: — The platinum thermometer was immersed in the oil 
close to the wire whose resistance was being determined. Two ordinary 
mercury thermometers were also placed in the vessel, one near the top, 
the other near the bottom, their use being to ensure that the temperature 
did not vary while the resistances of the wire and of the platinum 
thermometer were being determined. The oil was kept well stirred ; when 
it reached a temperature at which a reading was desired the flame was 
carefully regulated ; and when the mercury thermometers had remained 
steady for not less than five minutes, the resistances of the thermometer 
and the wire were taken in the usual way by a metre-bridge. The 
resistance of the copper side-pieces of the bridge had been determined, the 
wire calibrated, and, to provide against any alteration in these through 
their temperature being raised by heat from the oil bath, the connecting 
wires were several metres long. The resistance of the connecting wires 
was allowed for by measuring that of similar wires lying parallel to them. 

The diameter of each wire was determined by weighing a measured 
length in air and in water, and calculating the diameter from the density. 
The diameter at different points wa^s also measured by the micrometer 
gauge, and the average of the two methods was that used in the 
calculations. 

Arrangement of the Apparatus. 

AB is the wooden block, GH the glass tube resting on wooden blocks, and 
having openings at E and F, through which the readings were taken by 
the microscopes M and N. The wire was fastened at R, passed over a 
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grooved piece of wood at K, through the tube and over the wheel L to a 
pan in which the weights were placed. The wheel was mounted on anti- 




friction rollers. A pasteboard tube protected the portion of the wire 
between the glass tube and the wheel from currents of air. The wires 
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for the current and for measuring the resistance were attached near 
G and H. 

The plan of connections for measuring the resistance is given in fig. 2, 
the fall of potential method being used. The portion EF of the wire 
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to be tested was in circuit with the battery B, the rheostat B^ being 
adjusted so as to give the desired temperature. EF was connected in 
multiple arc with the galvanometer G. The resistance R2 in the 
galvanometer circuit was one of 5000 ohms, its purpose being to reduce 
the deflection, and also to make the resistance so large that the current 
in EF would not be appreciably diminished by closing the galvanometer 
circuit. CD was a resistance in the circuit EF which was varied with 
the different wires ; it never differed much from the resistance of the 
wire which was under examination. By placing it in multiple arc with 
the galvanometer instead of EF, and comparing the deflections, the 
resistance of EF could be determined. 

With ea*ch wire preliminary experiments had to be carried out for the 
purpose of finding suitable weights to remain permanently in the pan to 
stretch the wire, and also what weights should be used to put on and take 
off so as to get a suitable elongation. If the stretching weight was too 
small the wire was not horizontal, and when the additional weight was put 
on the mark was drawn out of focus, and the reading could not be 
accurately made. 

For most of the determinations four sets of readings were taken, each 
set consisting of the changes in length produced by adding the elongation 
weight and then removing it, thus making the result the average of eight 
determinations. When the wire was heated, care was taken to see that 
it returned very closely to the original length when the weights were 
removed ; if there was much variation, it was concluded that the tempera- 
ture had altered, and the set wa^s discarded. 

For each measurement, the microscope was set twice, and the average 
reading taken ; if the readings differed from one another by more than one- 
tenth of a division, more observations were made. The weights were placed 
in position a minute or two before the readings were taken, the aim being 
to make the conditions of determining the modulus as nearly identical in 
all cases as possible, so that the results at different temperatures might be 
strictly comparable. In order to bring it to the state of ease, each wire 
was stretched for about twenty-four hours by a weight somewhat greater 
than the maximum weight to be used in determining the modulus, before 
any observations were made. 

The procedure in each case was first to determine the modulus at the 
temperature of the room before any current had been passed, then to pass 
a weak current by which the temperature was raised through two or three 
degrees and again to determine the modulus. After this, the current was 
gradually increased and readings taken at various temperatures. When it 
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was found that the modulus was approaching a turning value, the readings 
were taken at shorter intervals, so that the behaviour could be accurately 
represented in its neighbourhood. 

When the highest temperature to which it was thought necessary to 
carry the experiment had been reached, the current was gradually 
diminished and readings taken with a decreasing current. In all the 
graphs the readings with the increasing current are denoted by circles, and 
those with the decreasing current by crosses. 

The formula used in computing the modulus was — 

a.l 
where 

P= stress in dynes. 
L= length of wire, 
a = area of cross-section. 
{= elongation. 

The results are given in the C.G.S. system of units, the value of g at 
Stranraer being 981*4. 

In order to see if the friction of the pulley introduced an error, pieces 
of each wire from the same coil were suspended vertically. To make the 
conditions of this set of experiments as nearly similar as possible as when 
the wires were horizontal, the tube was clamped in a vertical position with 
the wire inside it. The ends of the tube were stopped with cotton- wool, 
and the ends of the wire outside the tube were protected from air-currents 
by pasteboard cylinders. The same weights were used as when the wire 
was horizontal, and the elongations were measured by the microscopes. It 
was fitted up in a corner of the room and protected from air-currents. The 
temperature was also taken by the platinum thermometer, three mercury 
thermometers being placed at different parts of the tube to make sure that 
the temperature throughout it had become uniform. 

Iron Wire. 

The modulus was first determined without any current, the wire being 
at the temperature of the room. It was then heated by a weak current by 
which the temperature was raised about 3°'5, and it was found that the 
modulus had fallen in value. The strength of the current was next 
gradually increased, the effect of this increase being to cause a steady rise 
in the modulus until the temperature had risen to about SS"". Beyond this 
there was a regular fall in the value, the rate of decrease being less than 
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the rate of increase when the modulus was rising in value. This 
diminution continued up to the highest temperature to which the 
experiment was carried, but the rate was not uniform, for at about 105"* 
the rate of decrease fell. Moreover, the modulus did not fall to so low a 
value as it had when the current was first started. This part of the curve 
is denoted by the circles. 

Iron Wire, 

Length = 97*9 cms. 

Area of cross-section = '0005474 sq. cms. 

Stretching weight = 500 grams. 



No. 


Temp. 


Elongation for 
500 gramfl. 


No. of 
Observations. 


M. 
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20'-4 C. 


-04741 cm. 


8 


18^51 X 10" 
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18-42 
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•04686 


8 


18-73 


Vertical Wire. 








27 


16-1 


•04862 


8 


18^09 



The current was then gradually diminished in strength, and readings 
taken at various temperatures. It was found that the value was not so 
high as when the current was increasing, and about 104° it reached a 
minimum. From this point on to 62° the rate of increase was nearly the 
same as the rate of decrease with the increasing current. The reading at 
60°*6 is probably incorrect, as it does not lie on any smooth curve that 
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would pass through the values on opposite sides of it. After this, there 
was again a steady fall, and at 25°'3, the last reading taken with a current, 
the value was the lowest obtained. 

The last reading of all was at the temperature of the room, and the 
value was higher than that got before any current was passed through 
the wire. The current had thus produced a permanent increase in the 
modulus. 

Steel Wire. 

Length = 9760 cms. 

Area of cross-section = *0004714 sq. cms. 

Stretching weight = 500 grams. 



No. 


Temp. 


Elongation for 
500 grams. 


No. of 
Observations. 


M. 


1 


13"-7 C. 


•04697 cm. 


8 


21-63x10" 


2 


15-0 


•04791 


8 


21-21 


3 


19-0 


-04744 


4 


21-42 


4 


24-2 


•04702 


6 


21-68 


5 


30-0 


-04686 


6 


21-68 


6 


34-0 


•04H82 


8 


21-70 


7 


37 


•04678 


8 


21-72 


8 


41-0 


•04682 


10 


21-70 


9 


46-4 


•04697 


7 


21-63 


10 


59-2 


•04706 


8 


21-59 


11 


72-6 


•04717 


8 


21-54 


12 


83-2 


•04735 


8 


21-46 


13 


98-6 


•04779 


8 


21-26 


14 


108-0 


•04814 


9 


21-15 


16 


100-3 


•04763 


6 


21-33 


16 


88-8 


•04702 


8 


21-68 


17 


85-8 


•04697 


10 


21-63 


18 


76-9 


•04662 


12 


21-79 


19 


64-2 


•04637 


9 


21-91 


20 


57 


•04631 


8 


21-94 


21 


46-0 


-04669 


8 


21-82 


22 


40-3 


•04691 


8 


21-66 


23 


34-6 


•04760 


8 


21-39 


24 


26-0 


•04891 


8 


20-77 


25 15 6 


'04622 


8 


21-98 


Vertical Wire. 








26 17 -3 


•04816 


6 


2110 



Steel Wiee. 

As stated in the general description, the same series of experiments was 
followed with all the wires ; therefore the first reading was taken at the 
temperature of the room before any current had been passed. A weak 
current was then used, and it produced a fall in the modulus. The current 
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was next increased, with the result that the value rose until a maxi- 
mum was reached about 34"^, after which there was a regular decrease 
until the temperature was 108**, this being the highest temperature 
reached. Throughout the latter part of this curve the rate of decrease 
in the modulus was less than that of increase when the value was 
rising. 

The current was then diminished, with the result that the modulus rose 
until the temperature had fallen to 57°, the maximum at this point being 
higher than that got with the increasing current. Throughout this stage 
the rate of increase was higher than the rate of fall with the increasing 
current. Below this temperature the modulus diminished along with the 
temperature, the rate of fall being greater than that at the same tempera- 
ture with the increasing current, so that the graph cuts at about 41'''5. 
The fall was then quite regular to 25°, this having been the last reading 
taken with a current. The value was finally determined at the tempera- 
ture of the room without a current, and found to be higher than what 
it was before any current had been passed. There was therefore a 
permanent increase in the value of the modulus. 

CoppEE Wire. 

The modulus was determined at the temperature of the room, and when 
a weak current was passed it produced a fall in its value. As the current 
was increased, there was a rapid increase in the modulus, which continued 
until the temperature had risen to about 45°, when a maximum was reached. 
Above this temperature there was a diminution which was fairly rapid at 
first, but the rate was not so great as that of the increase before the 
maximum. The rate of fall began to alter about 60°, and after 80° it was 
fairly uniform up to 127°, beyond which point the readings were not 
continued. 

The current was then diminished, with the result that the modulus 
increased in value till the temperature had fallen to about 60°, and through- 
out this stage the value was higher than at the same temperatures with the 
increasing current. Until the temperature had fallen to 80°, the rate of 
increase in the modulus was greater than that of decrease for the increasing 
current; but at lower temperatures the rate of increase became less than 
that of decrease, and the two curves cut at about 57°. Further, the 
maximum with the diminishing current was not so high as that obtained 
when the current was increasing. The modulus still kept on falling, the 
rate also being less than that with the increasing current, until the 
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Copper Wire, 

Length = 97*50 cms. 

Area of cross-section = -0006026 sq. cms. 

Stretching weight = 300 grams. 



No. 


Temp. 


Elongation for 
300 gramfl. 


No. of 
Obseirations. 


M. 




1 


23''-8 0. 


-03630 cm. 


8 


1315x10" 




2 


25 -3 


•03693 


8 


1290 




3 


29-7 


•03308 


10 


14-40 




4 


35-5 


-02977 


10 


1600 




5 


39 1 


•02766 


9 


17^23 




6 


42-6 


•02703 


8 


17-62 




7 


47-4 


•02693 


7 


1769 




8 


50-1 


•02727 


12 


17^47 




9 


66-8 


•02861 


8 


1666 




10 


59-0 


•02938 


8 


1614 




11 


63-7 


•03066 


8 


1554 




12 


70-5 


•03126 


6 


15^24 




13 


81 -3 


•03186 


8 


1495 




14 


93-2 


•03205 


8 


I486 




16 


108-0 


•03236 


10 


1472 




16 


118-5 


•03249 


10 


1466 




17 


127-0 


•03267 


11 


14^58 




18 


119-9 


•03201 


9 


14-88 




19 


107-0 


•03085 


8 


15^44 




20 


95-5 


-02999 


8 


15^88 




21 


82-8 


•02919 


8 


16-32 




22 


70 


•02852 


5 


1670 




23 


60-0 


•02835 


7 


16-80 




24 


52-9 


•02878 


8 


16-55 




25 


47-3 


•02979 


6 


16-02 




26 


41 -2 


•03087 


8 


15-43 




27 


34-5 


•03254 


8 


14^64 




28 


30-0 


•03452 


8 


1380 




29 


21-2 


•03175 


8 


16^02 




Vertical Wire. 










30 


16-3 


•03736 


6 


12^75 





temperature reached 30°. On allowing the wire to cool to the temperature 
of the room, there was a distinct increase in the modulus, so that a 
permanent change had been produced. 

Platinum Wire. 

The behaviour of platinum was different from that of the other three 
metals. With them the effect of a weak current was to produce a fall in 
the modulus, whereas in the case of platinum there was a rise with a 
current which produced a change of less than 3"^. As the current was 
gradually strengthened, there was a steady increase in the modulus; in 
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this case, the rate of increase was slower than with the others, and the 
maximum not reached until the temperature had risen to llO"". Beyond 
this the modulus fell till the temperature rose to 155°, the rate of fall being 
greater than that of rise. 

Platinum Wire. 

Length = 62*10 cms. 

Area of cross-section = '0007548 sq. cms. 

Stretching weight = 200 grams. 



No. 


Temp. 


Elongation for 
200 grams. 


1 No. of 
Observations. 


M. 


1 


20''0 C. 


-01302 cm. 


1 

8 


12-40x10" 


2 


22-9 


•01280 


8 


12-62 


3 


29-7 


-01266 


10 


12-76 


4 


46*9 


-01216 


9 


1330 


5 


61-5 


-01189 


10 


13-68 


6 


66-6 


•01157 


8 


13-96 


7 


81-6 


•01136 


12 


14-21 


8 


93*1 


•01101 


8 


14-67 


9 


101-8 


•01066 


8 


15-16 


10 


107-6 


•01049 


8 


1640 


11 


113-3 


•01066 


10 


1631 


12 


124-9 


•01087 


6 


14-85 


13 


139-7 


-01169 


8 


13-93 


14 


165-0 


•01276 


8 


12-66 


16 


150-3 


•01298 


9 


12-44 


16 


143-2 


-01296 


10 


12^47 


17 


128-0 


-01273 


11 


12-68 


18 


116-1 


•01213 


10 


13-31 


19 


110-4 


•01149 


12 


14-08 


20 


107-0 


•01131 


8 


14^28 I 


21 


104-5 


•01078 


8 


14^97 


22 


100-6 


•01037 


8 


16-67 


23 


96-5 


•009639 


6 


16-46 


24 


89-4 


•009308 


7 


17-36 


26 


86-3 


-009144 


8 


1760 


26 


82-5 


-009228 


8 


17-60 


27 


77-0 


•009800 


8 


16-48 


28 


71-8 


-01030 


7 


1668 


29 


60-7 


•01087 


8 


14-86 


30 


60-6 


•01132 


10 


14-27 


31 


40-1 


•01167 


8 


13-83 


32 


29-4 


•01193 


12 


13-54 


33 


20-6 


•01111 


8 


14-63 


Vertical Wire. 








34 


20-2 


•01314 


7 


12-29 



The current was then diminished, and this caused a further decrease in 
the modulus, the minimum being about 148''. Below this, there was a 
rapid rise in the modulus, and the two curves cut one another at lOS''. It 
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continued to increase, the maximum being reached near 86° ; it again fell 
rapidly till about 77"^, when the rate of decrease diminished, but the 
modulus was always higher than at the same temperature with the 
increasing current. On allowing the wire to cool to the temperature of 
the room, there was again, as with the other metals, a permanent increase 
in the value of the modulus. 



A COMPAEISON OF THE RESULTS. 

On reviewing the effects on the metals, we find there are likenesses and 
differences. With weak currents the initial effect on iron, steel, and copper 
is a decrease in the modulus ; while, on the other hand, there is an increase 
in the platinum with even the weakest current that was used 

In all cases, an increase in the strength of the current produced a rise 
in the modulus until a maximum value was attained, the maximum being 
at different temperatures for the different metals. A further increase in 
the current then produced a fall in the modulus, which, in each case, was 
continued up to the liighest temperature to which the experiment was 
carried. 

With a diminishing current the effects were more varied. In two 
cases — viz. the iron and the platinum — there was at first a decrease in 
the modulus, but a marked difference between them soon made itself 
manifest. The modulus of the iron was always less than that at the same 
temperature with the increasing current, while, on the contrary, the 
modulus of the platinum rose rapidly, and attained a higher value than 
it had at any temperature with an increasing current. 

On the other hand, when a diminished current was passed through 
steel and copper, the modulus rose in value, and with both a maximum 
was reached which, in the steel, was higher than the maximum with the 
increasing current, whereas, in the copper, it was less than the maximum 
with the increasing current. 

In the iron and the steel, the final values with the current were less 
than the initial values, although the temperatures of these final readings 
were higher than the initial temperatures with a current; so that the 
effect of a weak diminishing current is, while it is still passing, to produce 
a diminution in the modulus. The result, so far as the experiment was 
carried, was the same with the copper ; the value was less than at the same 
temperature with the increasing current, but, at the lowest temperature at 
which a reading was taken with the diminishing current, the modulus was 
higher than the first reading with a current. The platinum, however, 
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differed from the others, inasmuch as the final readings with the diminishing 
current gave a higher value for the modulus than it had with the initial 
increasing current. 

It is interesting to examine in more detail the results for soft iron and 
steel. Here we see the effects on the same chemical substance, and therefore, 
on the assumption that a change in the modulus is caused by a regrouping 
of the molecules, are able to follow the changes in the groups of molecules, 
to see when they break up, and how the regrouping has affected the 
modulus. When the rate of change is small, we may assume that the 
groups are more stable than when the rate is great. 

There is a general similarity in the behaviour of soft iron and steel, 
but there are also marked differences. With an increasing current the 
results are, qualitatively speaking, the same. The effect of a weak current 
is to produce a fall in the modulus ; next, as the current increases the 
modulus also increases, and rises to a higher value than it had before any 
current was passed; then a maximum is reached, after which a steady 
decline sets in. There is a great difference, however, in the quantitative 
results ; for, while the increase from the lowest value to the maximum is 
14*3 per cent, in soft iron, it is only 2'3 per cent, in steel. 

With a diminishing current, there is a marked difference between them. 
The value of the modulus is smaller in the soft iron than at the same 
temperatures with the increasing current; whereas, in the steel, it has 
at first a higher value than it had at the same temperatures with an 
increasing current. They are, however, alike in this respect, that the 
modulus in both attains a maximum and then diminishes, the 
final value being less than with the increasing current at the same 
temperatures. 

After cooling to the temperature of the room, the modulus in each case 
undergoes a distinct increase. In the soft iron this value is not so great 
as the greatest value reached with the current, but in the steel it is the 
highest of all the readings. 

It is to be observed that the variation of the modulus in steel is not so 
great as in iron, and from this we may infer that the groups of molecules 
are more stable than they are in iron. This result might be expected, for 
the molecules of steel will be affected to a smaller extent by the circular 
magnetic field produced by the current than those of soft iron. This 
expectation, however, is not borne out at all points, for, when one would 
have looked for the coercive force of the steel to manifest itself, we find 
a distinct change in the modulus after the current has been stopped. 

In all cases, after the wire had been allowed to cool to the temperature 
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of the room, and the modulus determined without any current, it was found 
there was an increase in its value compared with what it was before any 
current had been passed through the wire. The final effect, then, in each 
case was to produce a permanent increase in its value. 

It was also intended that brass wire should be put through the same 
course of experiments, but the temperature coefficient of resistance was so 
small that it was found impossible to determine the temperature with a 
suitable degree of accuracy. Probably it would be advisable to determine 
the temperature of brass and other alloys from the expansion of the wire. 



(Issued separately October 7, 1907.) 
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XXXV.— On the Periods of the Elliptic Functions of Weierstrass. 

By R. T. A. Innes, Director of the Government Observatory, 
Johannesburg, F.R.A.S. 

(MS. received June 19, 1907. Read July 16, 1907.) 

I. 

The elliptic functions introduced by Professor K. Weierstrass of Berlin are 
best known through the admirable pages of Professor H. A. Schwarz's 
Formeln vmd Lehrsdtze zwra Oebrauche der eUiptiachen Functionen, 
Gottingen, 1885. These pages have been translated literally into French 
by Dr Henri Pad^, Paris, 1894. Halphen's well-known three-volumed 
treatise on elliptic functions is devoted almost entirely to the Weierstrassian 
forms. In the English language, the following references may be useful : — 
Whittaker, Modem Analysis ; Greenhill, Elliptic Functions ; Harkness and 
Morley, Theory of Functions; Forsyth, Theory of Fv/rictions, 

II. 

The Weierstrassian forms are intimately connected with a cubic equation 

which may be written 

4(« - ei)(« - e^)(8 - 63) , 
or 

yielding the well-known relations between the roots and the invariants 

61 + 63 + 68 = 0, ^162 + ^^8 + ^8= "iS^2» e^eg^s^TS^sj 
with the discriminant 

As the object of this paper is mainly a numerical one, we limit our 
attention to real values of the roots ; e^^^ is the largest positive root, 63 the 
largest negative root, and 62 is intermediate in value. 

III. 

The problem usually presented in physical applications is : — Given the 
roots or the invariants of the cubic, to find the periods of the elliptic 
functions. 

If the roots are given, the formulae required have been given with all 
necessary fulness by Schwarz and Halphen. If, instead of the roots, the 
invariants are given, it would seem, at first glance, that the cubic must be 
solved before the periods can be found, but it has been shown that this is 
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not 80. In his paper, Ueher der Perioden der eUiptiachen Integrale, Dorpat, 
1875, H. Bruns gave several formulae which can be used; but the un- 
fortunate choice of an absolute invariant leads to unnecessary complication. 
It will be seen later that by the choice of another absolute invariant 
the formulae take simple and symmetrical forms. 

The formulae given by Schwarz and later mathematicians have been 
developed from the purely mathematical point of view, and suffer from a 
surfeit of ir and imaginaries. Had the mathematician skilled in the theory 
of functions been responsible for our trigonometrical tables and formulae, 
it is possible that, instead of, to give one example, the values of sin 6 being 

(-- \2 1 
-^] , so that the simplest trigono- 

2 ^ sin2(^) 

metrical operations would have involved a great deal of unnecessary work 

and writing. These remarks apply in a lesser degree to Legendre's great 

2 - 
tables of his elliptic integrals. After computing — f ^fOdO , he carefully 



■/ 



TT 



multiplied the results by -^, so that in nearly every case of practical 



TT 



application the computer has to divide by — . For such reasons, the 

symbols ordinarily used have in this paper been replaced by others, as 
follows : — 



2 

—0)1 



by Wi 



2 

IS 

2 1 



71 



IT % 



-<«>8 » ^^8 



2 . 



TT 



-1 = -?^=1iok1 



^1- 



With these changes, the fundamental formulae become :- 



2 

IT 

Wg = W^Vj^ 

«.« =1 i-3'g;+58g;- ■ . . 

^ ^ 3 l-3gj + 6gj- . . . 
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The relation of n^ and w^ to q^ is the same as that of n^ and w^to v^. 
If the roots e^, eg, and e^ are given, q^ has to be computed by known 
formulsB, and then w^ and n^ by the above relations. 



IV. 

When the roots are not given explicitly, it is either necessary to find 
them by solving the cubic or to use the invariants. To make use of the 
invariants, put 

cos 4i = s/2fgjgl , 0' < 4 < 180' 

(N.B. — All radicals are to take the positive sign ; thus cos 1 is of the same sign as g^, 

and to abbreviate put 
then 

2 

=r2 Ti T^J^'<-T'h''^''t)-''^AT'i''''^^''t)\- 



«'8 = -- 



2 

As the hypergeometrical series concerned are always convergent, these 
four formulae constitute a formal solution of the problem. 

V. 

Although the two series converge for all values of the argument, the 
convergence is slow when the variable sin*-^ or cos*-^ exceeds J. It is 

therefore convenient to compute w^ and n^ when ^^ is under 90°, and w^ 
and n^ when i^ exceeds 90°. If we suppose i^ less than 90° and we require 
w^ and 7I3, we compute w^ and n^ and also v^. The latter quantity is 
found as follows : — 
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Put 

and 

then 

giving 

and 

Then 
and 



tan^=co8 2yi, 



Vtany^ = cos 2yi ; 
Zj-tan^yi', 
?i = i?i + 2(iZi)5 + etc. 



1 1 1 

IT q^ 



w^^w^v^ 



n 



2^ 

IT 



— - ^1^3 



8 



Wi 



If we put £3= 180° — (j, we can interchange the suffixes ^ and 3 so that all 
the processes are available in either case. 



VI. 

The two h3rpergeometrical series of Jf 4 are not sensitive ; and their 
tabulation by Mr Frank Bobbins is given in the Appendix. The periods 
are sensitive, but in the present method of calculation almost the whole of 

the variation is thrown on the simple factors 1/cos* ^ and 1/sin* *i . 

If we remember that cos^ = sin ^, the following argument, here limited 

to sin -^, can be extended. When i^ is under 90°, and an accuracy of two 

units in the seventh place of the decimals of the logarithms of the hyper- 
geometrical series will suffice, the use of series can be avoided by introducing 
the following approximate formulae : — 



logF(-l,^,2,8in2i)-logJi- 



72 



— - sin* 4- 



(\/'-i«-'ir^ 



^- [6-101 i]C4^Y^ 



• V 100 

100/ 



and 



^°8''(t'T'^''^''*"2)°^°811 + 



• ti 

I'l 2 



(s/'-^'^y*' 



\*^^-^<M 
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The march of these series, computed both accm-ately and by the 
approximate formulsB, is shown in Table I. 



Table I. 



*1 

o 




logF(-J.|.2,«n.|). 


By Approx. 
Formula. 


logF(J,|,2,sin«*^). 


By Approx. 
Formula. 


00000000 


00 


0-0000000 


00 


10 


9*9996784 


84 


0-0002297 


97 


20 


9-9987132 


32 


00009184 


84 


30 


9-9971030 


30 


00020653 


53 


40 


9*9948459 


59 


0-0036690 


90 


50 


9-9919398 


98 


0-0057269 


69 


60 


9-9883830 


30 


0-0082349 


48 


70 


9-9841755 


54 


0-0111868 


67 


80 


9-9793202 


00 


0-0145732 


32 


90 


9-9738259 


59 


00183800 


00 


180 


99130246 




0-0591526 





The following relations hold : — 

7..(44,.).5F,(|.|..).9.|. 



K44.»4>(l4-^4)- 



108 2 
70 ' IT 



K-t-I'2'''°«'^Ht4'2'«^*^) 



^ 2 



Also 



COS 



7r(-|,-J,2,,i,.i) + 5F(|,|,2,™.i)-10.i».ir(|,|,2,«n^))' 



_2 108 

IT 



1 



''-'■^K44'''«^'^'f)+^'«''«KT'I'2'«"T)] 



-V, 



F 



coa*-^ 



(T'T-^'"»'f) 
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and 



-^-F(44.2,sin.^) = 



^ 108 

IT 






2 



VII. 



As there is an infinite number of cubic equations with real roots, it is 
impossible to tabulate the periods of all possible elliptic functions with 
either the roots or the invariants as arguments. The formulae of ^ 5 show 
that the periods depend on the absolute invariant i^ and the quantity X^, a 
simple function of the invariant g^ 

For the purposes of tabulation we may assume that we can find a factor 
which will change e^ into unity or a factor which will similarly reduce \ to 
unity. Let us assume that we have found a factor m* which will reduce Cj 
to unity. Whatever m may be, the following relations hold : — 

m^e^ + m^e^ + m^e^ = 
m\m\ + m\m\ + m^e^m^ = - ^m^g^ 

etc. 

1 w«K «g\ ^„y J 

m« Km \ mm J ^ ' ^ *' 

This assumption will enable us to form a table which will include within 
its limits every possible case of three real roots. Such a table follows. 
As there is a close relationship between the forms used by Legendre and 
Jacobi and those of Weierstrass, I have included in the table the values of 
Legendre's modular angle 6 and k and k^ , and Jacobins nome q^ 

The relation between Legendre's modular angle and the absolute 
invariant i is :— 

2tan^ 



V3 + tan'^ 



The period n^ vanishes for log gi = 9'2857. 
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APPENDIX. 

The hypergeometric series ^ (- g > g > 2 , sin* i ) and fQ, |, 2 , sm2i^ 

introduced in Section IV. of the foregoing paper have been computed for 
each degree of the quadrant, at the suggestion of the author, by Mr Frank 
Bobbins. Their seven-place logarithmic values, with first and second 
differences, were published as an appendix to the author's paper on " The 
Computation of Secular Perturbations" in the Monthly Notices of the 
Royal Astronomical Society, vol. Ixvii., May 1907, pp. 444-447. 

On the recommendation of the referees, these tables, with the descriptive 
preliminary paragraphs, are here reproduced (with Mr Bobbins's permission), 
so as to facilitate the application of the method described in the present 
paper : — 

In the hypergeometric series F (a j8 y a;) in the first case 

a has the value - ^ j8= ^ 7=2 oj^sin^ )- . 

J 

and in the second case 

"''^6 ^"^6 ^^^ a;=8in2i . 

For convenience of designation the tables are headed Minus F and 
Plus F according to the sign of cu 

Vega's (1794) ten-figure logarithms, corrected by collation with the 
copy in use at H.M. Nautical Alma/nac Office, were used, and the natural 
values of the individual terms were taken out to ten places of decimals. 
These were obtained in duplicate for each end of the quadrant, and the 
whole were examined by differencing to the sixth order. Lastly, the 
seven-figure logarithms of the functions were taken from the eight-figure 
table of the Service G^ographique de TArm^ (Paris, 1891), reference being 
made to Vega where the eighth figure was approximately five. 

The log Minus F has been increased by 10 as customary, to avoid the 
inconvenience of printing negative characteristics. 

The whole has been examined by Mr J. Abner Sprigge, of H.M. 
Nautical Almanac Office, so as to make it possible to use the tables with 
confidence in their accuracy to the seventh place. 
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Log minus F. 
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(Iota). 
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(Iota). 


Log plUB If. 
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XXXVI. — Preliminary Note on the action of Sodium Ethylate on 
Trichloromethyl-Sulphonic Chloride. By Professor A. Oram 
Brown and Thomas P. Oowie, B.Sc. 

(Read July 8, 1907. MS. received July 19, 1907.) 

Trichloromethyl-sulphonic chloride in ethereal solution acts readily on 
sodium ethylate, and the same reaction takes place when the solutions of 
the two substances in absolute alcohol are mixed. 

The final products are ether, sodium chloride, sodium carbonate, and 
sodium sulphite, but small quantities of ethyl carbonate, ethyl ortho- 
carbonate, and sodium ethyl sulphite were obtained. 

Experiments are now in progress by which it is hoped that these and 
other intermediate products may be obtained in larger quantities. 

The ethereal liquid left after the ether was distilled off from the solution 
obtained by the action of ethereal solution of ClxC — SOg— CI on dry sodium 
ethylate was fractionated, and thus separated into two portions, one passing 
over between 126° and 127**, when the thermometer rose rapidly to 168°, 
and another portion passed over between 168° and 161°, leaving scarcely 
any residue. 

These fractions were analysed with the following results. 

First fraction 126* to 127° :— 

I. 00888 grm. gave 01642 COg and 00703 HgO 
= 60-4%; H = 8-9% 

II. 0-1087 grm. gave 0-2012 COg and 00853 HgO 

= 50-5%; H = 8-8% 

III. 00798 gave 01484 CO2 and 00614 HgO 

C = 50-7%; H = 8-6% 

The formula (C2H5)2C03 requires C = 60-80% and H = 8-54%. The 
boiling point of ethyl carbonate is 126°. 

Second fraction 168° to 161° : — 

I. 0-0813 gave 0-1659 COj and 0-0766 HgO 
= 55-7%; H=10-5% 

II. 0-0964 gave 0-1950 CO2 and 0-0880 HjO 
= 55-7%; H = 10-3% 

The formula (C2H5),C04 requires C = 56-33% and H = 10-49%. The 

boiling point of ethyl orthocarbonate is 158°. 

VOL. XXVII. 24 
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The mixture of sodium salts was extracted with absolute alcohol, and 
gave a small quantity of a salt which was purified by recrystallisation from 
absolute alcohol. This salt agreed in general character and reactions with 
the ethyl potassium sulphite described by Warlitz {Liehig's Av/nalen, 143, 
p, 78), and gave the following results on analysis : — 

I. 01991 grm. gave 0-1313 COg and 0-0673 HjO 
C=18-0%; H = 3-8% 

II. 0-1567 grm. gave 01027 COg and 00521 HjO 
C=17-9%; H = 3-7% 

III. 0-1200 grm. gave 00651 Na2S0^ 

Na = 17-6% 

IV. 0-2 U3 grm. gave 0-1176 NajSO^ 

Na=17-8% 

The formula NaSOgOCgHg requires C = 1817%, H = 3-80%, Na = 17-43%. 
There was not a sufficient quantity for a sulphur determination, but 
there can be little doubt that the substance was ethyl sodium sulphite. It 
gave alcohol and sodium sulphite when treated with caustic soda ; charred 
when heated, giving oflF vapour containing sulphur, and gave SOg when 
warmed with hydrochloric acid. Heated in a tube with solid KCN, it 
gave a distinct odour of isonitrile. 

The most probable explanation of the reaction of sodium ethylate on 
trichloromethyl-sulphonic chloride is that the ester (C2H50)8C'S020C2H5 
is formed, and acted on by sodium ethylate thus, — 

(C2H50)8CS02-OC2H5 + CgHgONa = 
(C^nfi)^C + NaS02-OC2H5 and 
(C2H50)3C-S020C2H5 + CgHgONa = 
(C2H,0)2CO + (C2H5)20 + NaSOg-OCgH,, 

— and that the carbonic esters are acted on by sodium ethylate giving ether 
and sodium carbonate,* while the ethyl sodium sulphite with sodium ethylate 
gives ether and sodium sulphite. 

* Bassett, Liehig's Annalen^ 132, p. 57. 



(Issued separately November 8, 1907.) 
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XXXVIL— Note on Quaternion Integral Theorems. By Heinrich 
Hermann, D.Sc. (Tubingen). Communicated by Professor C. G. 
Knott. 

(Read July 15, 1907. MS. received September 21, 1907.) 

The transformations of volume integrals into surface integrals, and of 
surface integrals into line integrals, are usually established first for a small 
parallelepiped and parallelogram.* These elements are not, however, very 
convenient, or indeed altogether satisfactory, for the extension of the 
theorems over finite domains. If arranged in straight rows and plates, 
the elements cannot be fitted to a general boundary ; and if they are 
arranged in curved rows and shells like the stones of a vault, there will be, 
in general, between various elements of the first order, spaces of the second 
not represented. This inconvenience disappears if tetrahedra and triangles 
are taken as elements. In Quaternions, the theorems are easily proved 
for such elements. 

Let a j8 y be three small vectors drawn from the point O and forming a 
tetrahedron, the vectors being arranged in the positive order of circuition. 
Let q be the value (generally quatemionic) at O of a function of space. 

There exists the identity — 

which may be written — 

;£{M(,..tov.,)} 

apy 

Now —s-SaBy is the volume of the tetrahedron; the first term on the 
o 

right side is the vector area of the triangle a, i8, y multiplied by the value 

of q at the centre of gravity of the area ; and the second term contains the 

corresponding quantities on the other faces of the tetrahedron. Hence we 

may write the relation in the form — 

where dv is the volume and dv the vector area measured outwards. 

♦ See M*Aulay, Utility of Quaternions in Physics, p. 19 ; and Joly, Manual of Quatemiom, 
pp. 71, 215. 
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By the usual extension this gives — 

fffdvVq^jjdq 

Similarly, the identity — 

V( Vaj8) V.q = {aSp V - l3SaV)q 

may be written — 

vY»^V.g = a(g-S|.V.g) + (^-a)(g-S^V.g)-;8(?-s|.V.«) 

Each term on the right represents one of the vector sides multiplied by 
the value of q at the centre of the corresponding side. The relation may 
therefore be written — 

YdvV.q^'^dpq 
for a small triangle. 

By the usual extension this gives — 



lhdvV,q=Upq 



[Tait's original proof of the second theorem {Qiiat, 3rd edition, § 498) is 
fv/tidamentaUy the same as the one here given, but it is probably more 
difficult to follow at a first reading. — C. G. K.] 



{Issued separately November 8, 1907.) 



1906--7.] Meetings of the Society. 373 



Meetings of the Society— Session 1906-1907. 

The 124th Session. 

Monday, 22nd October 1907. 

General Statutory Meeting. Election of Office-Bearers. p. 1. 



FIRST ORDINARY MEETING. 

Monday, 5th November 1906. 

Professor Crum Brown, LL.D., F.RS., Vice-President, in the Chair. 

Dr Thomas Dewar and Mr Frank A. Newington were admitted 
Fellows of the Society. 

The following Communications were read : — 

1. Obituary Notice of the Rev. George Matheson, D.D., LL.D. By the Rev. 
James Lindsay, D.D. P., xxvi. pp. 550-551. 

2. On the Partition of Energy in certain Systems. By Wm. Pbddib, D.Sc. 
pp. 181-194. 

3. The Hessians of certain Invariants of Binary Quantics. By Thomas Muir, 
LL.D. P., xxvi. pp. 529-532. 

4. The Sum of the r-line Minors of the Square of a Determinant. By Thomas 
MwiR, LL.D. P., xxvi. pp. 533-539. 

5. Some New Symmetric Function Tables. By Professor W. H. Metzler. 



SECOND ORDINARY MEETING. 
Monday, 19th November 1906. 
Dr R, H. Traquair, F.R.S., Vice-President, in the Chair. 
The following Communications were read : — 

1. On a New Siphonogorgid Genus, Gactogorgia, with Descriptions of three new 
Species. By Jamrs J. Simpson, M.A., B.Sc, Carnegie Research Scholar, University 
of Aberdeen. Communicated by Professor J. Arthur Thomson, M.A. Trans,, 
voL xlv. pp. 829-836. 

2. Craniometric Observations on the Skull of Equus PrejvaUkii and other Horses. 
By Professor 0. Charnook Bradley, D.Sc. pp. 46-50. 

3. On Skulls of Horses from the Roman Fort at Newstead, near Melrose, with 
Observations on the Origin of Domestic Horses. By Professor J. C Ewart, M.D. 
F.RS. Trans,, vol. xlv. pp. 555-587. 
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4. The Inversion of Cane Sagar by Optically-Active Acids. By Thkodobe 
Rettib, B.Sc., and W. W. Taylor, M. A., D.Sc. Preliminary Note. Communicated 
by Professor Cbitm Brown. 

A Paper by Professor J. Y. Simpson was postponed to the next meeting. 

The following Candidates for Fellowship were balloted for, and duly 
elected Fellows of the Society : — Mr Charles R S. Phillips, Mr Edward 
Oswald Fergus, and Mr Edwin Bramwell, M.B., F.RC.P.E., M.RC.P. 
(Lond.). 



THIRD ORDINARY MEETING. 

Monday, 3rd December 1906. 

Professor Crurn Brown, F.R.S., Vice-President, in the Chair, 

The following Communications were read : — 

1. On the Sporulation of Amoeba proteus. By Professor J. Y. Simpson, D.Sc. 

2. Results of Removal and Transplanation of Ovaries. By F. H. A. Marshall, 
D.Sc., and W. A. Jolly, M.B. {With Lantern Illustratiom.) Trans,, voL xlv. 
pp. 589-599. 

3. The Influence of an Excessive Meat Diet on the Osseous System. By 
Chalmers Watson, M.D. Conununicated by Professor Sohafbr, F.R.S. pp. 2-6. 

4. The Eflfect of a Meat Diet on Fertility and Lactation. By B. P. Watson, 
M.D., F.R.C.S.E. Communicated by Professor Schapbr, F.R.S. pp. 6-10. 

5. The Effects of Diet on Fertility and Structure of the Uterus. By Maloolm 
Campbell, M.D., and Chalmers Watson, M.D. Communicated by Professor 
SCHAPER, F.R.S. pp. 11-13. 

6. The Minors of a Product-Determinant. By Thomas Muir, LL.D. pp. 79-87. 



FOURTH ORDINARY MEETING. 

Monday, Vlth December 1906. 

Professor A. Gray, LL.D., F.R.S., Vice-President, in the Chair. 

The following Communications were read :— 

1. The HsBmorenal Salt Index as a Test of the Functional Efficiency of the 
Kidney. By Dawson Turner, M.D., F.R.C.P.E. ( With Lantern IllustraHma.) 

2. Magnetisation and Resistance of Nickel at High Temperatures. Part II. By 
C. G. Knott, D.Sc. Trans,, vol. xlv. pp. 547-554. 

3. The Relation between Normal Take-up or Contraction and Yam Number for 
the same Degree of Twist in Twisted Threads. By Thomas Olivbr, B.Sc. Com- 
mimicated by Dr C. G. Knott, pp. 93-106. 

4. The Relation between Normal Take-up or Contraction and Degree of Twist 
in Twisted Threads when the Singles are of Unequal Sizes. By Thomas Oliver, 
B.Sc. Communicated by Dr C. G. Knott, pp. 107-116. 
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5. The Superposition of Mechanical Vibrations (Electric Oscillations) upon 
Magnetisation, and Conversely, in Iron, Steel, and Nickel. Part II. By Jambs 
BussELL, Esq. 

The following Candidates for Fellowship were balloted for, and declared 
duly elected Fellows of the Society: — Messrs Donald Alexander Mac- 
Alister, A,RS.M., F.G.S., and William Bamsat Smith, D.Sc., M.B., CM. 



FIFTH OBDINABY MEETING. 

Monday, 7th January 1907. 

Profeasor Crum Brown, LL.D., F.B.S,, Vice-President, in the Chair. 

Dr David Ellis signed the Boll, and was admitted a Fellow of the 
Society. 

The following Communications were read : — 

1. Notes on Aboriginals of the Northern Territory of South Australia. By W. 
Bamsat Smith, D.Sc, M.B., CM., Permanent Head of the Health Department, 
South Australia. Communicated by Professor D. J. Cunningham, F.B.S. pp. 
51-63. 

2. Exhibition of Skeletons of Monkeys showing Effects produced by Improper 
Feeding. Professor D. J. Cunningham, F.RS. 

3. On the Partition of Heat Energy in the Molecules of Gases. By Dr P. 
Ehrenfsst. Communicated by Dr Wm. Peddie. pp. 195-202. 

4. On Vibrating Systems which are not subject to the Maxwell-Boltzmann Law. 
Second Paper. By Dr Wm. Peddie. pp. 181-194. 

5. Note on Cases of Contour Zones of Molecular Arrangement resulting from 
Surface Disturbance. By Dr James Hunter. 



SIXTH OBDINABY MEETING. 

Monday, 2\st January 1907. 

Professor Crum Brown, LL.D., F.B.S., Vice-President, in the Chair. 

Mr Chas. E. S. Phillips and Dr Duncan Scx)tt Macnair signed the 
Boll, and were admitted Fellows of the^Society. 

The following Communications were read : — 

1, On Homer Lane's Problem of a Spherical Gaseous Nebula. By the Bt 
Hon. Lord Kelvin, President. 

2. On the Means of Testing experimentally the Motion of the Earth relatively 
to Ether. By the Same. 
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3. The Theory of Axisymmetric Detenninants in the Historical Order of 
Development up to 1860. By Thomas Muir, LL.D. pp. 135-166. 

The following Candidates for Fellowship were balloted for, and duly 
elected Fellows of the Society: — Mr Peter Macnair, Mr James M. P. 
MuiRHEAD, Professor James Musgrove, M.D., Mr K Wynston- Waters, 
and Mr Ernest Maclagan Wedderburn, M.A., LL.B. 



SEVENTH ORDINARY MEETING. 

Monday y Wi February 1907. 

Dr R. H. Traquair, LL.D., F.RS., Vice-President, in the Chair. 

The following Communications were read :— 

1. On the Fossil Osmundaceae. By Robbrt Kidston, F.R.S., F.G.S., and D. 
T. Gwtnnb-Vaughan, M.A,, Lecturer on Botany at Queen Margaret's College, 
University of Glasgow. Trans.^ vol. xlv. pp. 759-780. 

2. The Development of the Anterior Mesoderm, and Paired Fins, with their 
Nerves, in Lepidosiren and Protopterus. By W. E. Agar, B.A., Junior Demonstrator 
in Zoology, University of Glasgow. Communicated by Professor J. Graham Kerb. 
Trans., vol. xlv. pp. 611-639. 

3. Scottish Tardigrada, collected by the Lake Survey. By Jambs Mitrrat, Esq. 
Communicated by Sir John Murrat, K.C.B. Trans., vol. xlv. pp. 641-668. 

4. Arctic Tardigrada, collected by W. S. Bruce. By James Murrat, Esq. 
Communicated by W. S. Bruce, Esq. Trans., vol. xlv. pp. 669-681. 

B. Prymnotkonus Hookeri, Poisson p^lagique de V " Erebus " et de la " Terror " 
retrouv^ par I'Exp^dition Antarctique Nationale Ecossaise. Note pr^liminaire, par 
M. Louis DoLLO, Conservateur au Musee royal d'Histoire naturelle, k Braxelles. 
Pr&ent^e par M. le Dr. R. H. Traquair, F.RS. pp. 35-45. 



EIGHTH ORDINARY MEETING. 
Monday ISth February 1907. 
Dr Robert Munro, Vice-President, in the Chair. 
The following Communications were read : — 

1. The Coat Colour in Horses. By Professor J. C. Ewart, F.RS. 

2. The Geology of Ardrossan. By J. D. Falconer, M.A., D.Sc, F.6.S. 
Communicated hy Professor Jambs Gbikib, F.RS. Trans., vol. xlv. pp. 601-609. 

The following Candidates were balloted for, and declared duly elected 
Fellows of the Society : — Dr William Cramer, Dr John Downie Falconer, 
Mr Gilbert Henry Gulliver, Mr John Strong, B.A., and Mr Andrew 
Watt, M.A. 
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NINTH ORDINARY MEETING. 

Monday, 4ith March 1907. 

Professor Crum Bi-own, LL.D., F.R.S., Vice-President, in the Chair. 

Mr Andbew Watt signed the Roll, and was duly €bdmitted a Fellow 
of the Society. 

The following Communications were read : — 

1. Algebra after Hamilton, or Multenions. By Albxander M'Aulat, M.A, 
Professor of Mathematics in the University of Tasmania. Communicated by Dr 
C. G. Knott. 

2. Kote on the Change produced in the Conductivity and Density of Lead Wires 
by Permanent Stretching. By James A. Donaldson and Kobebt Wiubon, Natural 
Philosophy Department, Edinburgh University. Communicated by Professor J. G. 
MacGbeoob. pp. 16-20. 

3. On the Dynamical Theory of Seismometers. By C. G. Knott, D.Sc. 

4. Temperature Observations in the North Sea. By Professor D'Abcy W. 
Thompson, C.B. {With Lantern Illustrations.) 

5. The Boiling and Freezing Points of Concentrated Aqueous Solutions, and the 
Question of the Hydration of the Solute. By Bev. S. M. Johnston, B.A, D.Sc, 
F.R.S.E., Carnegie Research Fellow, etc. Trans,^ vol. xlv. pp. 855-884. 



TENTH ORDINARY MEETING. 

Monday, 18th March 1907. 

Dr R. H. Traquair, F.R.S., Vice-President, in the Chair. 

Dr Wm. Cramer signed the Roll, and was duly admitted a Fellow 
of the Society. 

The foUowing Communications were read :— 

1. On the Influence of Temperature on the Photo-Electric Discharge from 
Platinum. By W. Manssbsh Varlet, D.Sc. (Manchester and Leeds), Ph.D. 
(Strassburg), B.A. (Cantab.), Assistant Professor of Physics and Electrical Engineering, 
and Fred. Unwin, M.Sc. (Manchester), Assistant Lecturer in Physics, Heriot-Watt 
College, Edinburgh. Communicated by Professor F. 6. Baily, M.A., M.I.E.K 
pp. 117-134. 

2. On the Discovery of a new Genus of Thread-Bacteria (SpirophyUum 
ferrugineumy Ellis). By David Ellis, D.Sc, Ph.D., Lecturer in Botany and 
Bacteriology, Glasgow and West of Scotland Technical College, pp. 21-34. 

3. The Functions of the Bolandic Cortex in Monkeys. By Wm. A. Jollt, M.B., 
and Sutherland Simpson, M.D., D.Sc. (From the Physiological Laboratory, 
University of Edinburgh.) Communicated by Professor E. A. Sohafsr, F.R.S. 
pp. 64-78. 
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The following Candidates were balloted for, and declared duly elected 
Fellows of the Society: — Mr John Anderson Gilruth, M.R.C.V.S., and 
Mr Wm. Robertson, M.R.C.V.S. 



ELEVENTH ORDINARY MEETING. 

Monday, 6th May 1907. 

Dr Robert Munro, Vice-President, in the Chair. 

Lieut. Geo. Johnstone signed the Roll, and was duly admitted a Fellow 
of the Society. 

The following Communications were read : — 

1. Inbreeding in the Barbary Sheep (Ovis tragelaphtui) and in the Common Goat 
(Capra hircus). By J. C. Ewart, M.D., F.R.S., Begins Professor of Natural 
History, University of Edinburgh. (With Lantern IJluatrations,) 

2. Report on Fossil Fishes collected by the Geological Survey of Scotland in 
Lower Carboniferous Bocks near GuUane, East Lothian. By B. H. Traquair, 
M.D., LL.D., F.R.S. (With Lantern Illustrations.) 

3. Heusler's Magnetic Alloy. By Alexander D. Ross, M.A., B.Sc, Houldsworth 
Besearch Scholar, University of Glasgow. Communicated by Professor A. Gray, 
F.R.S. pp. 88-92. 

4. The Physical Properties of Mixed Solutions of Independent Optically-Active 
Substances. By Clerk Ranken, B.Sc, Carnegie Research Scholar, and W. W. 
Taylor, M.A^ D.Sc. Communicated by Professor Crum Brown, F.R.S. pp. 
172-180. 



TWELFTH ORDINARY MEETING. 

Monday, 20th May 1907. 

Dr R. H. Traquair, F.R.S., Vice-President, in the Chair. 

The following Communications were read : — 

1. A New Method of determining the Degree of Twist in Single Threads. By 
Thomas Oliver, B.Sc., Carnegie Research Scholar. Communicated by Dr C. O. 
Knott, pp. 264-268. 

2. The Influence of Twist on the Strength of a Thread. By Thomas Oliver, 
B.Sc., Carnegie Research Scholar. Communicated by Dr C. G. Knott, pp. 
308-311. 

3. Notes on some Oligochaets found on the Scottish Loch Survey. By C. H. 
Martin, B.A. Communicated by Sir John Murray, K.C.B. 

4. Notes on some Turbellaria from Scottish Lochs. By C. H. Martin, B.A. 
Communicated by Sir John Murray, K.C.B. 

5. The Composition of the Red Clay. By F. W. Clarke, D.Sc, LL.D., Chief 
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Chemist, United States Greological Survey. Communicated by Sir John Mtjrrat, 
K.C.B. pp. 269-270. 

6. The Glaciation of East Lothian, south of the Garlton Hills. By P. F. 
Kendall, M.Sc, Professor of Greology in the University of Leeds, and E. B. Bailt, 
B.A. Communicated by Dr John Hornk, F.R.S. Trans , vol. xlvi. 

Mr Frederick Alexander Black, Professor Alexander Brown, M.A., 
B.Sc, Mr John Kemp, M.A., and Mr John Hannay Thompson, M.Li8t.C.E., 
M.Inst.Mech.E., were balloted for, and declared duly elected Fellows of 
the Society. 



THIRTEENTH ORDINARY MEETING. 
Monday y 3rd June 1907. 
Professor Crum Brown, LL.D., F.R.S., Vice-President, in the Chair. 
The following Communications were read : — 

1. Temperature Changes occurring in Fresh-water Lochs. (With Experimental 
Illustrations.) By E. M. Weddbrburn, LL.B. 

2. A Specimen of Helix pomatia, with Paired Male Organs. By J. H. 
Ashworth, D.Sc Communicated by Professor J. C. Ewart. (With Lantern 
Illustrations.) pp. 312-331. 

3. Encystment of Tardigrada. By James Murray, Esq. Communicated by Sir 
John Murray, K.C.B. Trans.^ vol. xlv. pp. 837-854. 



FIRST SPECIAL MEETING. 

Monday, lOth June 1907. 

Dr Robert Munro, Vice-President, in the Chair. 

The following Communications were read : — 

1. A Contribution to the Craniology of the Natives of Borneo, the Malays, the 
Natives of Formosa^ and the Tibetans. By Principal Sir Wm. Turner, K.C.B. 
Trans,, vol. xlv. pp. 781-818. 

2. On the Histology of the Ephedreae, with special reference to the value of 
Histology for Systematic Purposes. {With Lantern Elustrations.) By R. J. D. 
Graham, M.A., B.Sc., Carnegie Research Scholar, Botanical Department, University 
of St Andrews. Communicated by R. A. Robertson, M.A., B.Sc, F.L.S. 

3. The Variation of Young's Modulus under an Electric Current By Hbnry 
Walkbr, B.Sc. Communicated by Professor J. C. MacGregor, F.R.S. pp. 343-356. 



► 
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FOURTEENTH ORDINARY MEETING, 
held in the Queen's Hall, 5 Queen Street. 

Monday, Vlth Jvme 1907. 

Professor Andrew Gray, LL.D., F.R.S., Vice-President, in the Chair. 

At the request of the Council, Baron Kikuchi, M.A., D.Sc., LLD., 
Emeritus Professor of Mathematics in the Imperial University of Japan 
(ex-Minister of Education, and formerly President of the Imperial 
University), gave an Address : — 

"A Sketch of Japanese National Development, more especially with reference 
to Education." pp. 332-342. 



SECOND SPECIAL MEETING. 

MoTiday, 2Uh June 1907. 

Dr R. H. Traquair, F.RS., Vice-President, in the Chair. 

Mr Fred. A. Black signed the Roll, and was duly admitted a Fellow 
of the Society. 

The following Communications were read : — 

1. The Evolution of the Eyehrow Region of the Forehead, with special reference 
to the significance of its Excessive Development in the Neanderthal Race. By 
Professor D. J. Cunningham, F.R.S. 

2. On the Origin of the Amniotic and Allantoic Fluids. By Professor D. Noel 
Paton, M.D., and B. P. Watson, M.D. Trans, vol. xlvi. 

3. On the Application of a Differential Densimeter to the Study of some 
Mediterranean Waters. By John J. Manlby, M.A., Daubeny Curator, Magdalen 
College, Oxford. Communicated by Sir John Murray, K.C.B. pp. 210-232. 

4. The Electric Conductivity and Refracting Power of Ninety Samples of Sea- 
water, and a Comparison of these with the Salinity and Density. By E. G. Hill, 
B.A., B.Sc, Professor of Chemistry, Muir College, Allahabad, India. Communicated 
by Sir John Murray, K.C.B. pp. 233-243. 

Messrs James Archibald, M.A., William Forster Lanchester, M.A., 
and Muhammad Badre were balloted for, and declared duly elected 
Fellows of the Society. 
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FIFTEENTH ORDINARY MEETING. 

Monday y lat J\dy 1907. 

Professor Crum Brown, LL.D., F.R.S., Vice-President, in the Chair. 

At the request of the Council, Professor C. MiCHiE Smith, B.Sc, 
F.RA.S., Director of the Eodaik^nal and Madras Observatories, gave an 
Address : — 

Some Account of the Work at the Solar Observatory, KodaikAnal, S. India. 
(With Lantern Illustrattons of Solar Prominences, etc.) 

The Chairman intimated to the Society that the following gentlemen 
had been proposed by the Council for ballot on 4th November 1907 : — 

As British Honorary Fellows, 

Sir Alexander B. W. Kennedy, LL.D., F.R.S., Pres. InsiCK 

Edwin Ray Lankester, LL.D., F.R.S., Director of "the Natural History 

Departments, British Museum. 
James A. H. Murray, LL.D., D.C.L., Editor of the Oxford English 

Dictionary. 
Charles S. Sherrington, M.A., M.D., LL.D., F.R.S., Holt Professor of 

Physiology in the University of liverpooL 

As Foreign Honorary FeUows. 

Emil Fischer, Professor of Chemistry, University of Berlin. 
George William Hill, Ph.D., ScD., LL.D., West Nyack, New York. 
Friedrich Wilhelm Georg Kohlrausch, Pres. of the Physikalisch- 

Technische Reichsanstalt, Charlottenburg. 
Henry Fairfield Osborn, Professor of Zoology, Columbia University, and 

Curator of the Department of Vertebrate Palaeontology, American 

Museum of Natural History. 
Ivan P. Pavlov, Professor of Physiology, Military Medical Academy, St 

Petersburg. 
GusTAF Retzius, formerly Professor of Anatomy, Stockholm. 
AuGUSTO RiGHi, Professor of Physics in the University of Bologna. 
Louis Joseph Troost, Member of the Institute of France, formerly Professor 

of Chemistry at the Sorbonne, Paris. 
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THIRD SPECIAL MEETING. 

Monday y Sth July 1907. 

Dr Robert Munro, Vice-President, in the Chair. 

The following Communications were read : — 

1. The Plant Remains in the Scottish Peat Mosses. Part III. — The Scottish 
Highlands and the Shetlands. By Francis J. Lbwis, F.L.S., Lecturer in Botany, 
University of Liverpool. Communicated by Professor Geikib, F.R.S. (With 
Lantern Illvstrations,) Trana.^ vol. xlvi. 

2. Note on the Abyssal Temperature of Fresh-water Lakes. By K M. 
Weddbrburn, M.A., LL.B. (With Lantern Illustrations,) 

3. On the Action of Sodium Ethylate on Trichlormethyl-sulphonic Chloride. 
By Professor A. Crum Brown, F.R.S., and T. F. Cowib, B.Sc. pp. 369-370. 

4. On a Hybrid between Prejvalsky's Horse (Equus prejvalskii) and a Highland 
Pony. By Professor J. C. Ewart, F.R.S. 

5. A Note on Reflected Mirage. By C. G. Knott, D.Sc. 

6. The System Sulphur-Iodine. By Professor Alex. Smith and C. M. Carson. 

7. Precipitated Sulphur. By Professor Alex. Smith and R. H. Bbownlee. 
pp. 308-3 n. 

8. Preliminary Note on the Optical Rotations (throughout the Spectrum), the 
Electrical Conductivities, and the Densities, of Mixtures of Sodium-Potassium- 
Tartarate and Ammonium-Molybdate in Aqueous Solution. By James R. Milne, 
D.Sc. pp. 271-280. 

9. The Composition of Terrigenous Deposits. By F. W. Clarke, D.Sc, LLD., 
Chief Chemist U.S. Geological Survey. Communicated by Sir John Murray, 
K.C.B., F.R.S., etc. pp. 269-270. 



SIXTEENTH AND LAST ORDINARY MEETING. 

Monday, 15th July 1907. 

Dr Robert Munro, Vice-President, in the Chair. 

PRIZES. 

The Keith Prize for the biennial period 1903-1906 was presented to 
Thomas H. Beyce, M. A., M.D., for his two papers on " The Histology of 
the Blood of the Larva of Lepidosiren paradooca" published in the 
Transactions of the Society within the period. 

The Chairman, in presenting the Prize, read the following statement : — 

Dr Bryce's articles deal with the structure and development of the 
blood corpuscles and the development of the blood-forming organs in 
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Lepidosiren pa/radooca. The papers are a model of careful description, and 
are profusely illustrated by accurate drawings and microphotographs. The 
work is of a laborious description, and bears upon the face of it the stamp 
of accuracy. The part which deals with the origin of the leucocytes is of 
great interest, both practical and theoretical, and it may be truly said that 
Dr Bryce's observations have thrown a considerable amount of light upon 
a very intricate subject. Nor is the account which he has given of the 
development and structure of the erythrocyte of less importance. The 
description of the mitotic changes of the dividing erythrocyte has an 
intimate relationship to similar changes which occur in other somatic cells, 
and the author has been able to clear up more than one obscure point in 
connection with this subject, and in connection with cell-structure in 
general He has also succeeded in demonstrating in an objective 
manner, by sections through the erythrocytes, that the fibrillar structure 
which was originally described by Meves, encircling the Amphibian 
erythrocyte, is not merely the optical expression of folds in the cell- 
membrane, but that the appearance is due to the presence of actual fibrils 
within the border of the corpuscle ; and as a result of Dr Bryce*s work this 
interpretation of the appearances is now universally accepted. 

The Makdougall-Brisbane Prize for the biennial period 1904-1906, 
awarded by the Council to Jacob E. Halm, Ph.D., for his two papers on 
" Specti-oscopic Observations of the Rotation of the Sun," and "Some 
Further Results obtained with the Spectroheliometer," and for other 
astronomical and mathematical papers published in the Transactions 
and Proceedings of the Society within the period, was handed by 
the Chairman to Professor Dyson, for transmission to Dr Halm, now in 
Cape Town. 

The Chairman, in presenting the Prize, read the following statement 
explaining the grounds of the award: — 

Dr Halm's researches on the rotation of the sun are an important 
contribution to the study of its mechanical condition. From observations 
of Sun Spots in the years 1851-1863 Carrington showed that the sun did 
not rotate as a rigid body, but that the angular velocity in different 
latitudes diminished from the Equator to latitudes 35 N. and S., the limits 
of the Sun Spot zone. As, owing to the rotation of the sun, the eastern 
limb advances and the western limb recedes from the earth, the lines of 
the spectrum at points on the sun's limb are displaced slightly from the 
normal positions they occupy in the spectrum of the sun's centre. The 
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invention of gratings, which have very large dispersion, makes it practicable 
to measure the rotation spectroscopically, and in the years 1887-1889 Diin^r 
made a beautiful series of observations which determined the law of 
rotation with great accuracy to within 15° of the sun's poles. The difficulty 
of explaining the phenomena on dynamical grounds made it desirable to 
obtain all the additional information observation could supply. With this 
in mind Dr Halm continued Dun^r s observations in the years 1901-1907, 
to determine whether the law of rotation varied with the frequency of Sun 
Spots, which have a well-determined but unexplained period of eleven years. 
He followed Dun^r in basing his determination on the comparison of two 
lines of solar origin with two neighbouring lines caused by absorption in 
the earth's atmosphere. He differed from him in the employment of a fixed 
spectroscope fed by a heliostat in place of an equatorial mounting, and still 
further simplified the conditions of the observation by the use of a helio- 
meter which enabled him to compare simultaneously opposite extremities 
of any diameter of the sun. By these means considerable increase of 
accuracy was obtained. The accuracy of the observations was illustrated 
in an interesting manner by deducing the speed of the earth's rotation from 
a comparison of morning and evening observations, and the eccentricity of 
the earth's orbit from the observations of spring and autumn. 

As regards the rotation of the sun, Dr Halm found the same equatorial 
velocity as Dun^r, but a greater diminution towards the poles. Another 
important result brought to light by these researches is a small displace- 
ment towards the red, irrespective of rotation, of the lines of the spectrum 
near the sun's limb, as compared with their positions in the spectrum of the 
centre of the disc. This displacement, which appears to vary with the Sun 
Spot cycle, is accounted for by Dr Halm as the result of pressure in the 
stratum of the sun which the light traverses. 

Among Dr Halm's other astronomical papers reference may be made to 
one on " Line and Band Spectra," in which he shows that these may be 
included in a single formula ; and to one on " Temporary Stars," where he 
develops in detail a hypothesis of Professor Seeliger's, that a new star 
becomes visible when a dark body impinges upon and penetrates into a 
mass of nebular material. 

The memoir " On a Group of Linear Differential Equations of the Second 
Order, including Professor Chrystal's Seiche-equations," is a valuable con- 
tribution to the solution of a type of equations which play an important 
r61e in mathematical physics. It enriches the theory by investigating the 
solutions for other than integral values of one of the parameters of the 
equation, and throws a new light on the theoretical importance of the 
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seiche-functions. It is of fundamental importance for the application of 
the seiche-functions, on account of the methods it gives for calculating their 
numerical values ; while the tables it contains will be of the utmost service 
both theoretically and practically. 

Dr Halm is now Chief Assistant at the Cape Observatory, and is in 
consequence unable to be present to receive the prize in person. The 
Council have accordingly asked Professor Dyson to receive the prize for 
Dr Halm. 

The following Communications were read : — 

1. The Pycnogonida of the Scottish National Antarctic Expedition. Bj T. Y. 
Hodgson, F.L.S., Biologist to the National Antarctic Expedition. Conununicated 
by Dr R. H. Tbaquair, F.R.S., etc. 

2. The Marine Mollusca of the Scottish National Antarctic Expedition. By 
Jambs Cosmo Melyill, M.A, F.L.S., and Bob. Stakdek, Assistant Keeper, 
Manchester Museum. Communicated by Professor J. C. Ewakt, F.R.S. 

3. Preliminary Note on the Internal Structure of bigtUaria mamillarts, Brongt., 
and Sigillaria sctdellaict, Brongt. By Robbbt Kidstox, F.R.S. pp. 203-206. 

4. Description of a New Species of Lepidodendron (L. Pettycurense), from 
Pettycur. By Robert Kidston, F.RS. pp. 207-209. 

5. On the Periods of the Elliptic Functions of Weierstrass. By R. T. A. Ikneb, 
Director, Government Observatory, TransvaaL pp. 357-368. 

6. Hydrachnidse collected by the Lake Survey. By Wm. Williamson, Esq. 
Communicated by Sir John Murkat, K.C.B. pp. 302-307. 

7. Degenerations following Experimental Lesions in the Motor Cortex of the 
Monkey. By W. A. Jolly, M.B., and Sutherland Simpson, M.D., D.Sc. (From 
the Physiological'Laboratory, University of Edinburgh.) Communicated by Professor 
E. A. ScHAPBR, F.RS. (With Lantern lUuUraiums.) pp. 281-301. 

8. Classification of Igneous Rocks according to their Chemical Composition. 
By H. Warth, D.Sc, late Depy. Superintendent, Geological Survey of India. 
Conununicated by Professor Gsikis, F.R-S. 

9. Note on Quaternion Integrals. By Dr Ueixrigh Hermann. Communicated 
by Dr C. G. Knott, pp. 371-372. 

Messrs Alexander Galbbaith, Archibald King, M.A., B.Sc, James 
Knight, M.A., D.Sc, F.C.S., F.G.S., F.ELS., James Murray, and John 
Thomson Pearce, B.A., B.Sc., were balloted for, and declared duly elected 
Fellows of the Society. 
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Donations to the Library of the Royal Society 

from 1905 to 1907. 

I. Transactions and Proceedings of Learned Societies, Academies, 

ETC., received by EXCHANGE OF PUBLICATIONS, AND LiST OF 

Public Institutions entitled to receive Copies of the 
Transactions and Proceedings of the Royal Society of 
Edinburgh. 

T.P. prefixed to a name indicates that the Institution is entitled to receive Transactuma and 

Proceedings, P. indicates Proceedings. 

AFRICA (BRITISH CENTRAL). 

Zomba. — Scientific Department Meteorological Observations, 1905-6. Fol. 
{Presented by H,M. Acting Commissioner and Gonsid-GeneralJ) 

AMERICA (CENTRAL). 
Mexico — 
T.P. Sociedad cientifica ^^ ArUonio Alzate,^* Memorias. 
T.P. Observatorio Meteorologico-Magnetico Central, Bole tin Mensual. 
p. Istituto Geologico, Boletin. 

p. Academia Meodcana de Ciencias Exactas^ Fisicas y Naturales, 

p. Tacubaya. — Observatorio Astronomico, Annuario. 
p. Xalapa. — Observatorio Meteorologico Central del Estado Vera Cruz, 

AMERICA (NORTH). {See UNITED STATES and CANADA.) 

AMERICA (SOUTH). 

T.P. Buenos Atrbs (Argentine Republic). — Museo Nacional. Anales. 

Cordoba — 
T.P. Academia Nacional de Ciencias de la Repuhlica Argentina. Boletin. 
T.P. National Observatoi-y. Anales. 
T.P. La Plata (Argentine Republic). — Mttseo de La Plata, 
p. Montevideo (Uruguay). — Museo Nacional. Annales (Flora Uruguay). 
T.P. Para (Brazil). — Museu Paraense d.e Historia Natural e Ethnographia. 
p. Quito (Ecuador). — Observatorio Astronomico y Meteorologico. 

Rio de Janeiro (Brazil) — 
T.P. Observatorio. Annuario. — Boletin Mensal. 
p. Museu Nacional. Revista (Archivos). 

Santiago (Chili)— 
T.P. Societe Scientifique du Chili, Actes. 
p. Deutscher Wissenschaftlic/ier Verein. 

p. San Salvador. — Observatono Astrowrmieo y Meteordlogico. 
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AUSTRALIA. 

Adeijlids — 
p. University Library » 

p. Royal Society of South Australia. Transactions and Proceedings, 

p. Royal Geographical Society, Proceedings. 

Observatory. Meteorological Observations, 1902-4. 4to. {Presented.) 
Brisbane — 
p. Royal Society. Transactions, 

p. Qu^enslaTid Branch of the Royal Geographical Society of Australasia. 

Queensland Geographical Journal, 
p. Government Meteorological Office. 

p. Water Supply Department. 

p. Gbblono (Victoria). — Gordon Technical Colleges. 

Melbourne — 
T.p. University Library. 
p. Royal Society of Victoria. Proceedings. 

Perth, W.A. — 
p. Geological Survey. Annual Progress Reports. — Bulletins. 

Government Statistician's Office. Monthly Statistical Abstract, 1906-7. 

(Presented.) 
The Physical Characteristics of the Hardwoods of Western Australia. By 

G. A. Julius, 1906. 4to. (From the Government of W.A.) 
Notes on Timbers of Western Australia, etc., 1906. 4to. (From the 
Government of W.A.) 
Sydney — 
T.p. University Library. 

T.p. Department of Mines and Agriculture (Geological Survey), N.S.W. 
Elecords. — Annual Reports. — Palaeontology, No. 13 : A Monograph of the 
Silurian and Devonian Corals of N.S.W., etc. Pt. 1. By R. Etheridge. 
4to. 1904. — No. 14 : Monograph of the Foramenifera of the Permo- 
Carboniferous Limestones of N.S.W. By Fred. Chapman and W. Howchin. 
4to. 1905. 
T.p. Linnean Society of New South Wales. Proceedings. 
T.p. Royal Society of New South Wales. 

p. Australian Museum. Records. — Reports. — Memoirs. — Catalogues. (Special. 

No. 1.) Nests and Eggs of Birds found breeding in Australia and Tasmania : 
North. Vol. II. Pt. 1, 1906. 8vo. 



AUSTRIA. 

Cracow — 
T.p. AcadSmie des Sciences. Rozprawy Wydzialu matematyczno-przyrodniezego 
(Proceedings, Math, and Nat. Sciences CI.). — Rozprawy Wydzialu 
filologicznego (Proc, Philological Section). — Rozprawy Wydzialu his- 
toryczno-filozoficznego (Proc, Hist.-Phil. Section). — Sprawozdanie Komisyi 
do badania historyi sztuki w Polsce (Proc, Commission on History of Art 



p. 
r. 



T.P. 



P. 
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in Poland). — Sprawozdanie Komisyi fizyjograficznej (Proc, Commission 
on Physiography). — Bihlijoteka piserz6w polskich (Library of Polish 
Authors of the 16th century). — Geological Atlas of Galicia; Text, Maps. — 
Bulletin International. 

Gratz — 
T.P. NaturtoisaenschaftUcher Vereinfur Stetermarh Mittheilungen. 
Chemisches Institut der K, K. Universitdt, 
LsMBBRO. — Societe Seientifique de Chevtchenko. 

Prague — 
T.P. K. K. Stemwarte. Magnetische und Meteorologische Beobachtungen. 

Astronomische Beobachtungen. 
T.P. K. Bohmisehe Geselhchaft. Sitzungsberichte : Math. Naturw. Classe; Phil.- 
Hist-Philol. Classe. — Jahresbericht. — And other publications. 
Ceskd Akademie Gisare Frantiska Jose/a pro Vedy Slovesnost a UrnhU. 
Almanach. — Vestnik (Proceedings). — Rozpravy (Transactions) : Phil.- 
Hist. Class ; Math.-Phys. CI. ; Philol. CL— Historicky Archiv.— Bulletin 
International, R^sum^ des Travaux pr^sent^. — And other pui>lications of 
the Academy. 
Sarajevo (Bosnia). — The Governor-General of Bosnia-Herzegovina. Ergebnisse 
der Meteorologischen Beobachtungen. 

Trieste — 

Societd Adriatica di Seienze Naturali. 

Museo Civico di Storia Naturale, 

Ositervatorio Astronomico- Meteor ologico, Rapporto Annuale. 

Vienna — 
T.P. Kai8, Akademie der Wisaenschaften, Denkschriften : Math.-Naturwissen- 
schaftliche Classe ; Philosophisch-Historische Classe — Sitzungsberichte 
der Math.-Naturwi8senschaftlichen Classe ; Abtheil. I., II.a, II.b, III. ; 
Philosoph.-Historische Classe. — Almanach. — Mittheilungen der Erdbeben 
Commission. 
T.P. K. K, Geologische Reichsanstalt Abhandlungen. — Jahrblicher. — Verhand- 

lun^en. 
T.P. Oesterreichisehe GeselUchaft fUr Meteor ologie. Meteorologische Zeitschrift. 
T.P. K. K, ZoologiscJi - Botanische Geselhchaft Verhandlungen. — Abhand- 
lungen. 
P. K» K* NaturhistorisdieA Jlofmtiseum. Annalen. 

K, K, Central- Anst alt fiir Meteorologie und Erdmagnetismus, Jahrbiicher, 
Neue Folge. Bd. XLII. 1907. 4to. — AUgemeiner Bericht und Chronik 
dor im Jahre 1904 in Osterreich beobachteten Erdbeben. 1906. 8vo. — 
Bericht uber die internationale meteorologische Directoren Konferenz in 
Innsbruck, 1905. 8vo. 1906. (Presented.) 
K, K, Militar Geographisches Institut. Astronomisch-Geodatischen Arbeiten. 
Bd. XXI. Astronomische Arbeiten. 1906. 4to. — Langenbestimmungen. 
Bd. XIV. 1907. 4to. — Die Ergebnisse der Triangulierungen. Bd. IV. 
1906. 4to. (Presented,) 
ZoohHjMies Institut der Universitat und der Zoohgischen Station in Triest 
Arl>oit«n. 



p. 
p. 
p. 
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BELGIUM. 
Brussels — 

T.p. Academie Roy ale des Sciences, des Lettrea et des Beaux Arts de Belgiqtte, 
M^moires Couronn^s. — M^moires Couronn^ et M^moires des Savants 
Strangers. — Bulletin, 3® S^rie : Classe des Sciences; Classe des Lettres et 
des Sciences Morales et Politiques. — ^Annuaire. — Biographic Nationale, 
XVTII. 2, XIX. I. 1905-7. 

T.p. Musee Royal d'Histotre Naturelle. Memoires. 

T.p. Musee du Congo. Annales. — Botanique. S^rie V. : Etudes de syst^matique 
et de geographic botaniques sur la Flore du Bas- et du Moyen-Congo, par 
Em. de Wildeman. Zoologie. S^rie III. : Faune entomologique de I'Afrique 
tropicale. — Ethnograjphie et Anthrqpologie. S^rie III. : Notes Analytiques 
sur les collections ethnographiques du Mus^e du Congo. Serie V. : 
Linguistique. 

T.p. VOhservatoire Royal de Belgique, Uccle. Annuaire. — Annales Astronomiques. 
Annales M^teorologiques. Annales. — Physique du Globe. — Bulletin 
Climatologique. Observations M^t^orologiques. 

T.p. La SocUte Scientifique. Annales. 

p. Societe Beige d* Astronomie, 

T.p. Ghent. — University Library, 

T.p. LouvAiN. — University Library, 

BOSNIA-HERZEGOVINA. {See AUSTRIA.) 

BULGARIA. 

p. Sofia. — Station Centrale MetJ(}rologique de Bvlgarie, Bulletin Mensuel. 
Bulletins Annuaires. 

CANADA. 

p. Halifax (Nova Scotia). — Nova Scotian Institute of Science, Proceedings 

and Transactions. 
T.p. Kingston. — Queen* s University. 

Montreal — 
p. Natural History Society. Proceedings, 

p. Canatlian Society of Civil Engineers. Transactions. — Annual Reports. 

Ottawa — 
T.p. The Royal Society of Canada. Proceedings and Transactions. 
T.p. Geological Survey of Canada. Annual Reports. — Palaeozoic Fossils. Vols. 

3, 4. bvo. 1906.— Maps, 
p. Literary and Scientific Society. Transactions. 

T.p. Quebec. — Literary and Historical Society. Transactions. 

Toronto— 
T.p. University. University Studies. {History. Psychological Series, Geological 
Series, Economic Series. Physiological Series, Biological Series. 
Physical Science Series.) Papers from the Chemical Laboratory. 
T.p. Canadian Institute. Transactions, 
p. Royal Astronomical Society of Canada. Transactions. — Journal. 
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CAPE COLONY. 
Cape Town — 
T.p. Royal Astronomical Observatory. Reports. — Annals. Vol. X. Pt. 2. Vol. 
XIL Pts.*2-4. 1906-07. 4to.— Meridian Observations, 1900-04. 4to. 
p. Sotdh African Philosophical Society. Transactions, 

p. Geological Commission. Annual Reports. Svo. 

South African Museum, Annals. Vol. IV. Pt. 7. Svo. {Presented,) 

CHINA. 
Hong Kong — 
p. The Observatory. Observations and Researches, 1904-06. 4to. 

p. Shanghai. — North China Branch of the Royal Asiatic Society. 

DENMARK. 
Copenhagen — 
T.p. AcadSmie Royale de Copenhague. M^moires: Classe des Sciences. 7® 
S^rie. — Oversigt. E. Museo Lundii. En Samling af Alfhandlinger. Bd. 
HI. 1. 1906. 4to. 
p. Naturhistorisk Forening, Videnskabelige Meddelelser, 

p. Danish Biological Station. Reports. 

Conseil Permanent International pour V Exploration de la Mer. Publications 
de circonstance. Nos. 28-41. 1905-07. Svo. — ^Rapports et Procfes- 
Verbaux de Reunions. Vols. IV.-VI. 1904-06.— Bulletin des R^sultats 
acquis pendants les courses p^riodiques. Annees 1905-06, 1906-07. 4to. 
(Presented,) 
Kommissionen for Havundersogelser. Meddelelser : S^rie Fiskeri, Bind I., 
Nos. 4-8. S^rie Plankton, Bind I., Nos. 3, 4. S^rie Hydrografi, Nos. 
7-9. 1905-07. 4to. (Presented.) 

EGYPT. 
T.p. Cairo — School of Medicine. Records, Vols. I. -III. 1901-05. 4to. 

ENGLAND AND WALES. 

p. Birmingham. — Philosophical Society. Proceedings. 
Cambridge — 

T.p. Philosophical Society. Transactions and Proceedings. 

T.p. University Library. 

p. Cardiff. — University College of South Wales. 

p. Essex. — Essex Field Club. — The Essex Naturalist. 

T.p. Greenwich. — Royal Observatory. Astronomical, Magnetical, and Meteorological 
Observations. — Photo-heliographic Results. — Telegraphic Determinations 
of Longitude made in 1888-1902. By Sir W. K. M. Christie, 1906. 
4to. New Reduction of Groombridge's Circumpolar Catalogue for the 
Epoch 1810. By Frank W. Dyson and W. G. Thackeray. 4to. 1905. 
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T.p. Leeds. — Philosophical and Literary Society. Reports. 
Liverpool — 

T.p. University College Library, 

p. Literary and Philosophical Society, 

p. Biological Society. Proceedings and Transactions. 

p. Geological Society, Proceedings. 

London— 

p. Admiralty. Nautical Almanac and Astronomical Ephemeris. 

T.p. Anthropological Institute. Journal. 

T.P. Athenxum Club. 

T.p. British Association for tlie Advancement of Science. Reports. 

T.p. British Museum. Reproductions from Illuminated Manuscripts. Series 1 
and 2. 1907. 8vo. 

T.p. British Museum. Natural Histary Department. — Catalogue of Lepidoptera 
PhalaensB. Vol. VI. Text and Plates. — Catalogue of the Madreporarian 
Corals, Vols. V., VI. By H. M. Bernard. 1905-06. 8vo.— The History of 
the Collections contained in the Natural History Depts. Vol. II. — A Synony- 
mic Catalogue of Orthoptera. By W. F. Kirby. Vol. II. 1906. 8vo.— A 
Synonymic Catalogue of Homoptera. Part I. Cicadidae. By W. L. Distant. 
1906. Svo. — A Descriptive Catalogue of the Tertiary Vertebrata of the 
Fayfim, Egypt. By C. W. Andrews. 1906. 4to.— British Blood-Sucking 
Flies. With Notes by E. E. Austin. 1906. Svo.— Lists of Casts of Fossils. 
5th ed. 1906. Svo. 

T.P. Cliemical Society. Journal and Abstract of Proceedings. 
Clinical Society. Transactions. (Presented.) 

T.p. Geological Society. Quarterly Journal. — Geological Literature. — Abstract of 
Proceedings. 

T.p. Geological Survey of the United Kingdom. Summary of Progress. 

p. Geologists* Association. Proceedings. 

T.p. Hydrographic Office. 

T.p. Lnperial Institute. 

T.p. Institution of Civil Engineers. Minutes of Proceedings. — Subject Index. — 
Charters. — Members. 

T.P. Institution of ElectricAil Engineers. Journal. 

p. Institution of Mechanical Engineers. Proceedings. 

T.p. International Catalogue of Scientific Literature. 

T.p. Linnean Society. Journal: Zoology; Botany. — Transactions (Second Series) : 
Botany ; Zoology. — Proceedings. 

p. Mathematical Society. Proceedings. Second Series. 

p. Meteorological Office. Reports of the Meteorologicjil Council to the Royal 

Society. — Hourly Readings. — Weekly Weather Reports. — Monthly and 
Quarterly Summaries. — Meteorological Observations at Stations of Second 
Order. — The Life History of Surface Air Currents : a Study of the Surface 
Trajectories of Moving Air. By W. N. Shaw and R. G. K. Lempfert. 
1906. 4to. 
Minei'oJogical Society of Great Bntain and Ireland. Mineralogical Magazine 
and Journal. {Presented.) 

T.p. Pathological Society. Transactions. 
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London — continued — 

p. PharmaceiUical Society, Journal. 

T.p. Royal Asiatic Society. 

T.p. Royal Astronomical Society. Monthly Notices. — Memoirs. 

T.p. Royal College of Surgeons. 

T.p. Royal Geographical Society. Geographical Journal. 

T.p. Royal Horticultural Society . Journal. 

T.p. Royal Institution. Proceedings. 

T.p. Royal Medical and Chirurgical Society. Transactions. 

p. Royal Meteorological Society. The Meteorological Record : Monthly Returns 

of Observations made at the Stations of the Meteorological Society. — 
Quarterly Journal. 

T.P. Royal Microscopical Society. Journal. New Series. 

p. Royal Photographic Society. Photographic Journal. 

T.p. Royal Society. Philosophical Transactions. — Proceedings. — Year-Book. — 
Obituary Notices of Fellows of the Royal Society. — Report .... on the 
Pearl Oyster Fisheries of the Gulf of Manaar. By W. A. Herdman. Pts. 
4 and 5. 4to. 1905-07.— Mediterranean Fever Reports. Pts. 2, 5-17. 
8vo. 1907. 

T.p. Royal Society of Literature. Transactions. — Reports. Christabel. By 
Samuel Taylor Coleridge. Illustrated by a facsimile of the manu- 
script and by textual and other notes. By Ernest EL Coleridge, 
1907. 4to. 

T.P. Eoyal Statistical Society. Journal. 

T.p. Society of Antiquaries. Proceedings. — ArchsBologia ; or Miscellaneous Tracts 
relating to Antiquity. 

T.p. Society of Arts. Journal. 

Society of Chemical Industry. Journal. (Presented.)} 

Society for Psychical Research. Journal. Vols. VI.-XVII. 1893-94- 

1903-04. 8vo. London. (Presented by W. G. Crawford, Esq.) 
Solar Physics Committee. Annual Report. — Spectroscopic Comparison of 
Metals. London, 1907. 4to. 

T.p. United Service Institution. 

T.p. University College. 

T.p. Zoological Society. Transactions. — Proceedings. 

T.p. The Editor of Nature. — Nature. 

T.p. The Editor of The Electrician. — Electrician, 

p. The Editor of ITie Electrical Engineer. — Electrical Engineer. 

T.p. The Editor of Science Abstracts. — Science Abstracts. 
Manchbstkb — 

p. Geological Society. Transactions. 

T.p. Literary and Philosophical Society. Memoirs and Proceedings. 

T.p. University. — Publications — Medical Series. Vols. 1 to 7. Public Health 
Series. No. 1, 1906. Anatomical Series. No. 1, 1906. Economic 
Series. Nos. 1-7. Historical Series. Nos. 1-20. Theological Series. 
No. 1. Physical Series. No. 1. 8vo and 4 to. Manchester Museum 
(University of Manchester). Annual Reports — Notes from the Museum. 
No. 58. 'Svo. 1907. 
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Manohbster — continue — 
p. MieroRcopical Society. Transactions. — Annual Report. 

Newcastlb-on-Tyne — 
T.p. North of England Institute of Mining and Mechanical Engineers, Transac- 
tions. — Annual Reports. — Report of Committee upon Mechanical Coal- 
Cutting. Part II. 1905. 8vo. 
Northuniberland Sea Fisheries Committee. Report on the Scientific Investi- 
gations, 1905. Ed. by Alex. Meek. 8vo. 1905. {Presented.) 
p. Philosophical Society. 

p. Norwich. — Norfolk and Narwich Naturalises Society. — Transactions. 

Oxford — 
T.p. Bodleian Library. 
p. Ashmolean Society. 

p. Radcliffe Observatory. Catalogue of 1772 Stars for the Epoch 1900. By 

Arthur A. Rambant, 1906. 4to. 
p. Penzance. — Royal Geological Society of Cornwall. 
T.p. Plymouth. — Marine Biological Association. Journal. 

Richmond (Surrey) — 
T.p. KetD Observatory. 
p. Scarborough. — Philosophical Society. 
T.p. Sheffield. — University College. 

Southport. — Meteorological Observatory. Results of Observations, 1905. 
Joseph Baxendell, Meteorologist. 8vo. (Presented.) 
T.p. Teddington (Middlesex). — National Physical Laboratory. Reports. — 

Collected Researches. Annual Reports, 
p. Truro. — Royal Institution of Cornwall. Journal, 
p. Whitby. — Philosophical Society. 

York — 
p. Yorkshire Geological and Polytechnic Society. Proceedings. 

T.p. Yorkshire Philosf*phical Society. Reports. 



FINLAND. 

Helsingfors — 
T.p. Societas Scienfiarum Fennica (Societe des Sciences de Finlande). Acta 
Societatis Scientiarum Fennicae. — Ofversigt. — Observations Met^oro- 
logiques. Vol. XIX. 1900. 4to. 
T.p. Societas pro Fauna et Flora Fennica. Acta. — Meddelanden. 
p. Societe de Geographic de Finlande. Fennia. 



FRANCE. 

Bordeaux — 
T.p. Societe des Sciences Physiques et Naturelles. M^moires. 6® S^rie. — Observa- 
tions Pluviometriques et Thermometriques. — Proces-Verbaux des Stances. 
P. Societe de Geographie Commerciale. Bulletin. 

UObservatoire. Catalogue Photographique du Ciel. Tome 1. 1906. 4to. 
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p. Cherbourg. — SocieU Nationale dee Sciences Naturelles et MathAmaiigues. 

Memoires. 
p. Dijon. — Academie des Sciences. Memoires. 
p. LifoE. — Institut de Physiologie, UniversitS de LiSge, 

Lille — 
T.p. Societe des Sciences. 
T.p. SociSte Geologique du Nord. Annales. 
p. Universite de France. Travaux et Memoires. 

Lyons — 
T.p. Acad^mie des Sciences, Belles Lett res et Arts. Memoires. 
T.p. Societe d* AgricuUurey Histoire Nat. et Arts. Annales. 
T.p. University. Annales, Nouv. Sdrie : — I. Sciences, M^decine. II. Droit, 

Lettres. 
p. Societe Botanique. 

p. Societe Linneenne. 

Marseilles — 
T.p. Faculte des Sciences. Annales. 
p. Societe Scientifiqtie Industrielle. Bulletin. 

T.p. Montpbllier. — Academie des Sciences et Lettres. Memoires (2® S^rie) : 

Section des Sciences ; Section des Lettres; Section de MMecine. 
T.p. Nantes. — Societe Scientifique des Sciences Naturelles de V Quest de la France. 

Bulletin. 
t.p. Nice. — UOhservaioire. Annales. 

Paris— 
T.p. Academie des Sciences. Comptes Rendus. — Observatoire d'Abbadia : 

Observations faites au cercle Meridien en 1904-06. 4to. — (Eavres com- 
pletes d'Augustin Cauchy. 2« S^rie. Tome 1. 1905. 4to. 
T.p. Academie des Inscriptions et Belles-Lettres. Comptes Rendus. 
T.p. Association Fran^aise pour VAvancement des Sciences. 
T.p. Bureau International des Poids et Mesures. — Proces-Verbaux des Seances. 
T.p. Bureau des Longitudes. 
p. Bureau des Fonts et Chausseps. 

T.p. Ministre de la Marine. (Service Hydrograpliique.) Annales Hydro- 

graphiques. 
T.p. £cole des Mines. Annales des Mines. 
T.p. Ecole Normale Superieure. Annales. 
T.p. £Jcole Polytechnlqv^. Journal, 
p. ilcole Libre des Sciences Politiques. 

T.p. Ministhre de V Instruction Puhlique. 
T.p. MusSe Guimet. Revue de I'Histoire des Religions. — Annales. — Bibliotlieque 

d'Etudes. 
T.p. Museum, d^ Histoire Naturelle. Nouvelles Archives. — Bulletin. 
T.p. L* Observatoire. Rapports Annuel sur I'Etat de FObservatoire. — Annales. — 

M(5moires. — Carte Photograph ique du Ciel. Fol. — Catalogue Fhoto- 

graphique du Ciel. Tome II. 4to. 1907. 
p. Societe Acade^nique Indo-CJiinoise de France. 

T.p. Societe Nationale d' Agrictdture. Bulletins. — Memoires. 
p. Societe d^Anthropologie. Bulletin et Memoires. 
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Paris — continued — 
T.p. Societe Nationale des Antiquaires. M^moires. — Bulletin. 

T.p. SociSte de Biologie. Comptes Rendus. 

T.p. SociStS d^ Encouragement pour V Industrie Nationale. 

T.p. SociStS FranQaise de Physique, Stances. Collection de Mc^moires relatifs k 

la Physique. 2® S^rie. Les Quantit^s (^l^mentaires d'filectricit^, Ions, 

l^lectrons, Corpuscles. M^moires r^unis et pul)li^s par Henri Abraham et 

Paul Langevin. Fasc. 1 and 2. 1905. 8vo. 
T.p. Societe de Geographie, La Geographic. 

T.p. Societe Geologique de France, Bulletins. — M^moires (Pal^ontologie). 
p. SociStes des Jeunes Naturalistes et d^Jitudes Sdenfifiques. Feuilles des 

Jeunes Naturalistes. 
T.p. Societe Mathematique, Bulletin, 
p. SocietS Philomathique, Bulletin. 

T.p. Societe 2^ologique. Bulletin. — M^moires. 
p. Revue GSnerale des Sciences Pures et A/tpliquees. 

T.p. Rennbs. — SociSte Scientifique et Medicale de V Quest, Bulletin. 

Toulouse — 
T.p. Faculte des Sciences, Annales. 
T.p. UOhservatoire, Annales. 
p. Academie des Sciences, Memoires. 

GERMANY. 
Berlin— 
T.p. K. Akademie der Wissenschaften, Abhandlungen. — Sitzungsberichte. 
T.p. Physikalische Gesellschaft, Fortschritte der Physik : 1** Abtheil. — Physik 

der Materie. 2*« Abtheil. — Physik des Aethers. 3® AbtheiL — Komische 

Physik. 
T.p. Deutsche Geologische Gesellschaft, Zeitschrift. 
p. Deutsche Meteorologische Gesellschaft, Zeitschrift, 

p. Kimigl, Preussisclies Meteorologischts Institut, 

p. Gesellschaft Naturforschender Freunde, Sitzungsberichte. 

p. Kgl, Technische Hoehschule, Programm. 

Bonn — 
p. Naturhistorischer Verein der Preussischen Rheinlande und Westfalens. Ver- 

handluDgen. 
Niederrheinische Gesellschaft filr Natur- und' Heilkunde. Sitzungsberichte. 

(Presented.) 
T.p. Bremen. — Naturwissenschaftlicher Verein. Abhandlungen. 
p. Brunswick. — Verein filr Naturwissenschaft. Jahresberichte. 
p. Carlsruhe. — Technische Hoehschule, Dissertations, 
p. Cassbl. — Verein fur Naturkunde. Berichte. 
T.p. Charlottbnburg. — Physikalisch-l'echnische Reich sanstalt. 
p. Chemnitz. — NaturwissenschaftUche Gesellschaft, Berichte. 
T.p. Dantzic. — Naturforschende Gesellschaft, Schriften. 

Erlangbn — 
T.p. University, Inaugural Dissertations, 
p. PhysicalischrMedicalische Societal, Sitzungsberichte 
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T.p. Frankpurt-am-Main. — Senckenbergische Naturforschende Geselhchqft Ab- 

handlungen. — Berichte. 
p. Frankpurt-am-Odbr. — Naturwiasenschaftlicher Verein, Helios. 

GiBSSBN — 

T.p. Univerdty. Inaugural Dissertations. 

p. Oberhessiache Geselhchqft fiir Natur- nnd Heilkunde, Berichte. 

T.p. GCttingkn. — K, Ge^elUchaft der Wissensckaften, Abhandlungen, Neue Folge : 

Math.-Phys. Classe ; Phil.-Hist. Classe. — Nachrichten : Math.-Phys. CI. ; 

Phil. -Hist. CI. ; Geschaftliche Mittheilungen. — Gelehrte Anzeigen. 
Hallb — 
T.p. K. Leopold- Garolinischr Deutsche Akademie der NcUurforschsr, Nova Acta 

(Verhandlungen). — Leopoldina. 
T.p. Naturforschende Gesellscha/t. Abhandlungen. 
p. Verein ftir Krdkuruie, Mittheilungen. 

p. Naturwissenschaftlicher Verein fiir Sdclisen und Thiiringen, 

p. Deutsche Matherryitiker Vereinigung. Jahresbericht. • 

Hamburg — 
T.p. Naturwissenschaftlicher Verein, Abhandlungen aus dem Gebiete der Natur- 

wissenschaften. — Verhandlungen. 
T.p. Naturhistorisches Museum. Jahrbuch. — Beihefte. — Mitteiiungen aus dem 

Xaturhistorischen Museum, 
p. Verein fiir Naturwissenschaftliche Unterhaltung, 

T.p. Hannovbr. — Natur historische Gesellschaft. 
T.p. Jbna. — Medicinisch-Naturwissenschaftliche Gesellschaft, Jenaische Zeitschrift 

fiir Naturwissenschaft. — Denkschriften. 

KiBL — 

T.p. Universitat, Inaugural University Dissertations. 

T.p. Komniissum zur Wissenschaftlichen Untersnchung der Deutschen Meere. 

Wissenschaftliche Meeresuntersuchungen, herausgegeben von der .... 

und der Biologischen Anstalt auf Helgoland. 
p. Natuifoissenschaftlicher Verein fiir Schleswlg-Holstein. Schriften. 

T.P. K6NI0SBER0. — University, 

Lbipzig — 
T.p. Konigl, SdchsiscTie Gesellschaft der Wissenschaften. Berichte : Math.-Phys. 

Classe; Philologisch-Historische Classe. — Abhandlungen der Math.-Phys. 

Classe; Phil.-Hist. Classe. 
T.p. Editor of the Annalen der Physik, 
p. Naturforschende Gesellschaft, Sitzungsberichte. 

Deutsche Mathematiker Vereinigung, (See Hallk.) 
p. Lt)BECK. — Geographische Gesellschaft und Naturhistorisches Museum, 
T.P. Munich. — K, Bayerische Akademie der Wissenschaften, Abhandlungen: 

Philosophisch-Philologische Classe ; Historische Classe. — Sitzungsberichte : 

Mathematisch-Physikalische Classe ; Philosophisch-Philol. und Historische 

Classe. — Festreden. 
K. Stemwarte, Neue Annalen. Bd. iii. Supplementheft I. 1907. 4to. 
p. Offenbach. — Verein fiir Naturkunde, 
p. OsnabrOck. — Naturfvissenschaftlicher Verein, 
T.p. Potsdam. — Astrophysikalisches Observatorium, 
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p. Regbnsburo. — Historischer Verein von Oberpfdlz und Regensburg. Verhand- 

lungen. 
p. Rostock. — University. 

T.p. Strasbourg. — Univei'sity. Inaugural Dissertations. 
T.p. Stuttgart. — Verein fiir vaterldndische Naturkunde in WUrttemberg. 

Jahreshefte. 
T.p. TCbingbn. — University, Inaugural Dissertations. 







GREECK 




Athens — 




T.p. 


University Library, 




T.P. 


Observatoire National, 


Annales. 



HAWAIIAN ISLANDS. 

p. Honolulu. — Bemice Pauahi Bishop Museum of Polynesian Ethnology. 
Memoirs. — Occasional Papers. 

HOLLAND. {See NETHERLANDS.) 

HONG KONG. (See CHINA.) 

HONOLULU. {See HAWAIIAN ISLANDS.) 

HUNGARY. 

BUDA-PEStH— 

T.P Magyar Tudomdnyos Akademia (Hungarian Academy). Mathemat. ^s 
term^szettud. kozlem^nyek (Communications Math, and Nat. Sciences). — 
Nyelvtud. kdzlem^nyek (Philology). — Mathemat. ^ term^szettud. fctesito 
(Bulletin, Math, and Nat. Sciences). — Nyelvtudom. ^fctekez^sek (Philol. 
Memoirs). — Tort^nettud. firtekez^sek (Historical Memoirs). — Tdrsadalmi 
fertekez^sek (Memoirs, Political Sciences). — Archaeologiai firtesito. — Rap- 
ports. — ^Almanach. — Mathematische und Naturwissenschaftliche Berichte 
aus Ungarn. — And other publications of the Hungarian Academy, or works 
published under its auspices. 

T.P. Kir-Magy. Termeszettudomanyi Tarsulat (Royal Hungarian Society of Nat, 
Sciences), 

ICELAND, 
p. Rbikjavik. — Islemka Fomleifafelag, 

INDIA. 

Bangalore. — Meteorological Results of Observations taken at Bangalore, 
Mysore, Hassan, and Chitaldroog Observatories, 1905-06. By John Cook. 
4to. — Rainfall in Mysore. 1905-06. 4to. (Presented,) 
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BOMBAT — 

T.p. Rotjal Asiatic Society {Bombay Branch), 
T.p. Elphinstone College. 

ArcJicBologiccU Suroey of Western India, Progress Reports. {Presented.) 
BoMBAT. — Plague Research Laboratory. Report for 1905. By Lt. -Col. 

Bannerman. 4to. 1906. 
Burma. — Reports on Archaeological Work in Burma for the years 1905-06 to 

1907. 4to. {Presented by the Government.) 
Burma. — Ethnographic Survey. Anthropometric Dates, 1906-07. 2 Vols. 4to. 

{Presented.) 
Calcutta — 
T.p. Asiatic Society of Bengal. Journal and Proceedings. — Memoirs. 
T.p. Geological Survey of India. Records. 

T.p. The Meteorological Office, Government of India. Indian Meteorological 
Memoirs. — Reports. — Monthly Weather Review. 
Archaological Survey of India, Epigraphia Indica. — Annual Reports. {Pre- 
sented by the Indian Government.) 
Botanical Survey of India. Records. 8vo. {Presented by the Indian 

Government.) 
Linguistic Survey of India. Compiled and edited by G. A. Grierson. 
Vol. VI., Indo-Aryan Family, Southern Group. — Specimens of the 
Markthi Language. By G. A. Grierson. Fol. 1905. {Presented by the 
Indian Government.) 
Royal Botanic Garden. Annals: Vol. X. Pt. II. Aconites of India. By 

0. Stapf. 1905. 4to. 1904. {Presented.) 
Indian Museum. Annual Reports. — Catalogue of Indian Decapod Crustacea. 
Pt. 3. Macrura. Fasc. 1. The Prawns of the Perseus Group. By 
A. Alcock. 4to. 1906. {Prespnted.) 
Ghreat Trigonometrical Survey. Account of Operations. — Extracts from 

Narrative Reports. 4to. {Presented.) 
Fauna of British India, including Ceylon and Burma. Ed. by W. P. 
Blanford. Rhynchota. Vol. III. By W. L. Distant. 1906. 8vo. 
Coleoptera. Vol. I. {Presented by the Indian Government.) 
Scientific Memoirs, by Medical Officers of the Army of India Pts. 20-28. 
1905-07. 4to. {Presented.) 
Madras — 
T.p. The Literary Society, 
p. The Superintendent of Government Farms of Madras Presidency. 

Observatory. Report on the Kodaikanal and Madras Observatories. 

1905-06. 8vo.— Bulletins. {Presented.) 
Government Central Museum. Report. 1905-06. — Bulletin. Vol. V. 

No. 2. 1906. 8vo. {Presented.) 
A Descriptive Catalogue of the Sanskrit MSS. in the Government Oriental 
Manuscripts Library, Madras. By M. Seshagiri Sastri. Vol. III. — 
Grammar, Lexicography, and Prosody. 1906. 8vo. {Presented by the 
Government of Madras.) 
Rangoon. {See Burma.) 
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IRELAND. 

p. Belfast. — Natural History and Philosophical Society, Proceedings. 
Dublin — 

T.p. Royal Irish Academy, Proceedings. — Transactions. — Abstract of Minutes, 

T.p. Royal Dublin Society, Scientific Proceedings. (N.S.). — Scientific Trans- 
actions. — Economic Proceedings. 

T.p. Library of Trinity College, 

T.p. National Library of Ireland, 

p. Dunsinh Observatory, 

Department of Agriculture and Technical Instruction for Ireland — Fisheries 
Branch, Reports on the Sea and Inland Fisheries of Ireland. 1904. 
Pt. 2, Scientific Investigations. 1906. 8vo. {Presented by the 
Department,) 

ITALY. 

T.p. Bologna. — Accademia d. Seienze delV Istituto di Bologna, Memorie. — 

Rendiconti. 
T.p. Catania. — Accademia Gioenia di Seienze Naturali, Atti. — BoUetino Mensile. 
T.p. Societd degli Spettroscopisti Italiani, Memorie. 
T.p. Genoa. — Museo Civico di Storia Naturale, Annali. 
p. Messina. — Reale Accademia Peloritana, Atti. 

Milan — 
T.p. Reale Istituto Lombardo di Seienze, Lettered ed Arti', Memorie: Classe di 

Seienze Mat. et Nat. ; Classe di Lettere Seienze Storiche e Morali. — 

Rendiconti. 

MODENA — 

T.p. Regia Accademia di Seienze, Lettere, ed Arti, Memorie. 

p. Societa dei Naturalieti, 

T.p. Naples. — Societd Reale di Napoli. Accademia di Seienze Fisiche e 

Matematiche, Memorie. — Rendiconti. Accademia di Seienze Morali e 

Poliliche. Atti. — Rendiconti. Accademia di Archeologia, Lettere e 

Belle Arti, Atti. — Rendiconti. 
T.p. Staziane Zoologica. Mittheilungen. 
T.p. R. Istituto d^Incoraggiamento, 

T.p. Padua. — R. Accademia di Seienze, Lettere, ed Arti, Atti e Memorie. 
T.p. Palermo. — Soeietci di Seienze Naturali ed Economiche, Gioraale di Sciraize 

Naturali ed Economiche. 
p. Pisa. — II Nuovo Cimento, 

Rome — 
T.p. R, Accademia dei Lincei. Classe di Seienze Fisiche, Math, e Nat, Memorie. 

— Rendiconti. Classe di Seienze Morali, Storiche e FUoL—^aimo degli 

Scavi di Antichita. — Rendiconti. 
T.P. Accademia Pontefida dei Nuovi Lincei, Atti. — Memorie. 
T.p. R, Comitato Geologico. Memorie descrittive del la Carta Oeologica. 
T.P. Societa Italiana d. Seienza (delta dei XL.). Memorie. 
p. Sassabi. — Istituto Fisiologico delta R. Universita di Sassari, Htudi HanHaroHJ. 
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Turin — 
T.p. Reale Accademia delle Scienze, Memorie. — Atti. 

Osservatorio ddla R, Universitd. Osservazioni Meteorologiche fatte neir anno 
1904-05. 8vo. (PreserUed,) 
T.p. Venice. — R. Istituto Veneto di Scienze, Letters, ed Arti. Atti. 



JAMAICA, 
p. Kingston. — 'five InstitiUe of Jamaica. 

JAPAN. 

TOKIO— 

T.p. The Imperial University of Tokio {Tetkoka-Daiyaku), 
College of Science of the University of Tokio, Journal. 
Medicinische FacuLtdt der Kaiserlich-Japanischen Universitdt, Mittheilungen. 
p. Zoological Society. Annotation es ZoologicsB Japonenses. 

p. Asiatic Society, Transactions. 

p. Deutsche Gesdlschaft filr Natur- und Volkerkunde Ostasiens, Mittheilungen. 

8vo. 
Earthquake Investigation Committee, Publications. Nos. 22-24. 1907. — 
Bulletin. 8vo. {Presented.) 

JAVA. 
Batavia — 
T.p. Bataviaasch Genootschap van Kunsten en Wetenschappen. Verhandelingen. — 

Tijdschrift voor Indische Taal-, Land- en Volkenkunde. — Notulen. 8vo. 
T.p. Magnetical and Meteorological Observatory. Observations. — Regenwaar- 

nemingen in Nederlandsch- Indie, 
p. Kon. NatuurkuTulig Vereeniging. Natuurkundig Tijdschrift voor Neder- 

landsch-Indie. 

LUXEMBOURG, 
p. Luxembourg. — Ulnstitut Royal Grand-Ducal. Publications. 

MAURITIUS. 

T.p. Royal Alfred Observatory, Annual Reports. — Proceedings and Trans- 
actions (N.S.). — Results of Magnetical and Meteorological Observations. 
1904-05. 4 to. 

MEXICO. {See AMERICA, CENTRAL.) 

MONACO. 

Monaco. — MvsSe Oceanographique, Bulletins. Nos. 53-101. 1905-07. 
8vo. (Presented.) 
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NATAL. 

p. PiBTERMARiTZBURG. — Geological Survey of Natal. Annual Reports. — Report on 
the Mining Industry of Natal 1904-06. 4to. 
Oovemment Museum. First Report. 1904. 4to. 



NETHERLANDS. 

Amsterdam — 
T.p. Kon. Akademie van Wetenschappen. Verhandelingen : Afd. Natuurkunde. 

!■*• Sectie. 2** Sectie ; Afd. Letterkunde. — ^Verslagen en Mededeelingen ; 

Letterkunde. — Verslagen der Zittingen van de Wis- en Naturkundige 

Afdeeling. — Jaarboek. — Proceedings of the Section of Sciences. — Poemata 

Latina. 
T.p. Koninhlijk Zoologisch Genootschap ^^ Natura Artis Magietra" Bijdragen 

tot de Dierkunde. 
p. Wtskundig GenootscJiap. Nieuw Archief voor Wiskunde. — Wiskundige 

Opgaven. — Revue Semestrielle des Publications Math^matiques. 
p. Delft. — J^cole Polytechniqtie. 
T.p. Groninoen. — University. Jaarboek. 
T.p. Haarlem. — Hollandsche Maaischappij der Wetenschappen. Naturkundige 

Verhandelingen. — Archives N^erlandaises des Sciences Exactes et 

Naturelles. 
T.p. Musee Teyler. Archives. 

T.p. Helder. — Nederlandsche Dierkundige Vereeniging. Tydschrift. 
T.P. Lbtdbn. — TJie University. 
p. NuMBOEN. — Nederlandsche Botanisehe Vereeniging. Nederlandsch Kruidkundig 

Archief. — Verslagen en Mededeelingen. — Recueil des Travaux Botaniques 

N^erlandaises. Vol. II. 3-4, III 1-4. 1906-07. 
T.p. Rotterdam. — Bataafsch Genootschap der Proefondervinddijke Wijshegeerte. 

Nieuwe Verhandelingen. 
p. Utrecht. — Provineiaal Utrechtsch Genootschap van Kunsten en Weten- 

schappen. Verslag van de Algemeene Vergaderingen. 1906. — Aanteek- 

eningen van de Sectie Vergaderingen. 8vo. 



NEW SOUTH WALES. (See AUSTRALIA.) 



NEW ZEALAND. 

Wellington — 
t.p. New Zealand Institute. Transactions and Proceedings, 
p. Polynesian Society. 

New Zealand Grovemment. Statistics of New Zealand. 1904-05. 4to. — 
The New Zealand Official Handbook. 1905-6. (Presented by the 

Government.) 
VOL. XXVII. 26 
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NORWAY. 

T.p. Bbroen. — Museum, Aarsberetning. — Aarbog. — An Account of the Crustacea 
of Norway. ByG. 0. Sars. Vol. V. 11-18. 1905-07. Svo.— Meeresfauna 
von Bergen. Redigirt von Dr A. Appelldf. 2-3. 1906. 8vo. 
Christiania — 

T.p. K. Norske Frederiks Unioersitets, Universitete-Program. — Nyt Magazin for 
Naturvidenskaberne. — Archiv for Mathematik og Naturvidenskab. 

T.p. Meteorological Institute, Jahrbuch. 

Videtiakabs-SeUkab, Forhandlinger. — Skrifter (Math. Nat. KL). (Presented.) 

p. Stavangbr. — Museum* Aarshefte. 

T.p. Throndhjem. — Kgl, Norske Videnskabers Selskab, Skrifter. 

p. Troms6. — Museum. Aarshefter. — Aarsberetning. 



PORTUGAL. 

T.p. CoiMBRA. — University. Annuario. 

Lisbon — 
T.p. Academia Real das Sciencias de Lisboa. 
T.p. Sociedade de Geographia. 

QUEENSLAND. (See AUSTRALLA.) 

ROUMANIA. 
Bucharest — 
T.p. Academia Romana. Analele. — Also Publications relating to the History, etc. 

of Roumania. 
p. . InstUut Meteorologique. Annales. 

RUSSIA. 

T.p. Dorfat (Jurjbw). — University. Inaugural Dissertations. — Acta. Sitzungs- 

berichte der Naturforscher Gesellschaft bei der Universitat. Bd. XIV. 

1904. Svo. 
T.p. Ekathbrinbbouro. — SociSte Ouraiienne d^ Amateurs des Sciences NatureUes. 

Bulletin. 
Kazan — 
t.p. Imperial University, Uchenuiya Zapiski. 
p. Society Physico-Mathem^atique de Kazan. Bulletin. 

T.P. Kn&v. — University. Universitetskiya Isvyaistiya. 

Moscow — 
T.p. Societe Imperiale des Naturalistes. Bulletin. — Nouveaux M^moires. 
T.p. L'Observatoire Imperial. 
T.p. SociStS Imperiale des Amis d'Histoire Naturdley d^ Anthropologic et 

d^ Ethnographic. 
T.p, Imperial University. 
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Moscow — continiced, — 

T.p. Mus^ Polytechnique. 

p. Ohservatoire Magnet /que et MetSorologigue de VTJniversite ImpericUe, 

p. Odessa. — SociStS des Naturalistes de la Nouvelle Rttssie, Zapiski. 

T.p. PouLKOVA. — Nicolai Hauptstemtoarte, Publications (S^rie II.). — Annales. 
St Pbtbksburg — 

T.p. Academie Imperiale des Sciences, M^moires (8* Serie) : Classe Phy8.-Math. ; 
Classe Hist.-Phil. — Bulletins. — Comptes Rendus des Seances de la Com- 
mission Sismique Permanente. Tome II. 2. 1906. 4to. 

T.p. GomitS Oeologique. M^moires. — Bulletins. — Carte G^ologique: Region 
Aurif^re d'lenissei : de TAmour : de Lena. 

T.p. Imperial University, 

T.p. Institut Imperial de Medecine Experim^entcUe. Archives des Sciences 
Biologiques. 

T.p. PhysiccdiscJie Gentrdt-Observatorium, Annalen. 

T.p. Physico-Ghemical Society of the University of St Petersburg, Journal. 

T.p. Russian Ministry of Marine, 

p. Imperial Russian Geographical Society. 

p. Russian Society of Naturalists and Physicians. 

p. K. Mineralogische Gesellschaft, Yerhandlungen (Zapiski). — Materialien zur 

Geologie Russlands. 

p. Societi des Naturalides {Section de Geologie et de Minhalogie), Travaux et 

Supplements. 

p. SociSte Astronomique Russe, 

p. TiFLis. — Physikalisches Observatorium, 



SCOTLAND. 

T.p. Abkbdebn. — University Library, 

p. Berwickshire. — Naturalists' Club, Proceedings. 

T.p. Dundee. — University College Library, 
Edinburgh— 

T.p. Advocates* Library, 

p. Botanical Society. Transactions and Proceedings. 

p. Fishery Board for Scotland, Annual Reports. 

North Sea Fisheries Investigation Committee. Second Report (Northern 
Area) on Fishery and Hydrographies! Investigations in the North Sea and 
Adjacent Waters, 1904-1905. Conducted by D'Arcy W. Thompson, C.B. 
Part 1. Hydrography. London, 1907. 4to. 

p. Geological Society. Transactions. 

Geological Survey of Scotland, The Geology of Mid-Argyll (Sheet 37). By 
J. B. Hill and others. 8vo. 1905. The Geology of Islay, etc. By 
E. B. Wilkinson. 8vo. 1907. The Oil Shales of the Lothians. Part I. 
The Geology of the Oil Shale Field. By H. M. Cadell and J. S. Grant 
Wilson. Part II. Methods of Working the Oil Shales. By W. Caldwell. 
Part III. The Chemistry of the Oil Shales. By D. R. Stewart. Glasgow. 
1906. 8vo. Geological Structure of the N.W. Highlands of Scotland. 
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Edikburoh — continued — 

Oeological Survey of Scotland — continued. 

By B. N. Peach, J. Home, the late W. Gunn, C. T. Clough, L. W. 

Hinxmau, and J. J. H. Teall. Ed. by Sir Arch. Geikie, K.C.B., Glasgow. 

1 907. 8vo. Maps. (Presented by the Government,) 
T.p. Highland and Agricultural Society of Scotland. Transactions, 
p. Maihemaiical Society, Proceedings. 

P. Ph€n7naoeutical Society, 

T.P. Hoyal Botanic Garden, 
T.P. Royal College of Physicians, 
P. Royal College of Physicians* Laboratory, 

T.P. Royal Medical Society, 
T.P. Royal Observatory, 
T.P. Royal Physical Society, Proceedings. 

Royal Scottish Academy, Annual Reports. (Presented,) 
P. Royal Scottish Geographical Society, Scottish Geographical Magazine. 

T.P* Royal Scottish Society of Arts, Transactions. 
P. Scottish Meteorological Society. Journal. 

^Scottish Microscopical Society, Proceedings. (Presented,) 
T.P, University Library, 

p. Oeological Society. 

P. Marine Biological Association of the West of Scotland, Annual Beport. 

P, Natural History Society, 

T.P. Boyal Philosophical Society. Proceedings. 

T.P. University, Calendar. 

P, Unii'ereity Obset^vatory. 

Paiblby. — PhUoaophical Institution. The Coats Observatory. Meteorological 
Observations, 1906. 8vo. (Presented.) 
T.P. St. Andrews. — University Library, 

SPAIN. 

Madrid— 
T.P. ^^^<^ Arademia de Ciencias ExactaSy Fisicas y Naturalea, Memorias. — 

lie vista. — Annuario. 
T.P. Oomieifm del Mapa GeoUgico de EspaHa, Boletin. — Memorias. 
P. ViLAFRANOA DEL Panadbs (Cataluna). — Observotorio Metearologico, 

SWEDEN. 

P. OoTHRNBURO. — Kungl : Vetenskaps-och Vitterhets-Sarnhdllet, Handlingar. 

T.P. Lund, — University, Acta Universitatis Lundensis (Fysiografiska Sallskapets 
Handlingar. — ^Theologi. — Medicina). 

T.y. Stockholm. — Kong, Svenska Vetenskaps-Akademie. Handlingar.— Arkiv for 
Zoologi. — Arkiv for Matematik, Astronomi och Fysik. — Arkiv for 
Botanik. — Arkiv for Kemi, Mineralogi och Geologi. — Meteorologiska 
lakttagelser i Sverige. — ^Astronomiska lakttagelser. — Lefnadsteckningar. — 
Arsbok. Meddelanden fran K. Vetenskaps Akademieus Nobelinstitut* 
Bd. I. Nos. 1-6. 8vo. 1905-07. 
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Stockholm — continued, 

p. Svenska Sdllskapet/or Antropologi och Oeograji. Ymer. 

Gomrrdssion Royale SuSdoise pour la Afesure d!un Arc de MSridien au 

Spitzberg. Missions Scientifiques pour la Mesure d'un Arc de MSridien 

au Spitzberg entreprises eu 1899-1902, sous les auspices des Gouveme- 

ments Su^dois et Kusse. Mission Su^oise. Tome I. 5 parts. Tome 11. 

1903-1906. 4to. 
Upsala — 

T.p. Kongliga Vetenekaps Societeten {Begia Soeieias Scientiarum), Nova Acta. 

T.p. University. Arsskrift. — Inaugural Dissertations (Medical and Scientific). — 

Bulletin of the Geological Institution. 

Observatoire de V UniversitL Bulletin M^t^rologique Mensuel. 

SWITZERLAND. 
T.p. BjiSLR,—N<xturforsckende GeseUscha/t, Verhandlungen. 

BEkN — 

T.p. Soeiete Helueiique des Sciences Naturelles, {Allgemeine Schtcetzerische 
Chsellschaft ftir die gesammten NaturwiMsenschaften,) Comptes Bendus. — 
Actes (Yerhandluugen). — Nouveaux M^ moires. 

p. Naiur/orschende Gesellschaft, Mittheilungen. 

T.p. Geneva. — SociStS de Physique et d'Histoire Naturelle. M^moires. 

p. Lausanne. — SociStS Vaudoise des Sciences Naturelles, Bulletin. 
Neuchatbl — 

T.p. SociSte des Sciences Naturelles, Bulletin. 

p. Society Neuchdteloise de OSographie, Bulletin. 

ZUBICH — 

T.p. University, 

T.p. Commission GSohgique Suisse, Beitrage zur geologischen Karte der 

Schweiz. 
T.p. NeUur/orscJiende GeseUschaft, Yierteljahrsschrift. 
p. Schtoeizerische Botanische Gesellschaft, Berichte (Bulletin). 

Schtoeizerische Meteorologische Central-Anstalt, Annalen ftir 1904-05. 4to. 

(Presented,) 

TURKEY, 
p. Constantinople. — SociStS ImpSriale de Medecine, Gazette M^icale d'Orient. 

TRANSYAAL. 

t.p. Johannesburg. — Transvaal Meteorological Departmerit, Government Observa- 
tory. Reports. 
Pretoria. — Geological Survey. Reports, 1903-06. Memoir No. 3. Geology 
of the Transvaal Coal-Measures. 1906. 8vo. (Presented,) 

TASMANIA, 
p. HoBABT. — Royal Society of Tasmania. 
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UNITED STATES. 
Albany — 
T.p. New York State Library. Annual Reports. 
State Museum, Annual Reports. — Bulletin, 
p. Alleohent. — Observatory, Miscellaneous Scientific Papers, 
p. Annapolis (Maryland). — St JohrCa College, 
p. Austin. — Texas Academy of Sciences, Transactions. 

T.p. Baltimore.. — Johns Hopkins University. American Journal of Mathematics. — 
American Chemical Journal. — American Journal of Philology. — University 
Studies in Historical and Political Science. — Memoirs from the Biological 
Laboratory. — University Circulars. 
Johns Hopkins Hospital, Bulletin, Nos. 177-197. — Reports, Vols. XIII., 
XIV. 1905-07. {Presented,) 
t.p. Maryland Geological Survey, Publications. 

Peabody Institute. Annual Reports. Catalogue of Library. (Pi'esentedJ) 
Berkeley (Caufornia) — 
t.p. University of California, Registers and Annual Reports. — University 
Chronicle. — Reports of Agricultural College. — Bulletin of the Qeological 
Department. — Publications (Zoology, Botany). — American Archaeology and 
Ethnology. Vols. I.-V. 1905-07. 8vo. And Miscellaneous Pamphlets. 
Agricultural Experiment Station, Bulletin-Circulars. 
Boston — 
T.p. ITie Boufditch Library, 
T.p. Boston Society of Natural History. Memoirs. — Proceedings.— Occasionfd 

Papers. No. VII. Fauna of New Zealand. 8vo. 
T.p. American Academy of Arts and Sciences. Memoirs. — Proceedings, 
p. BuFPAiiO. — Society of Natural Sciences. Bulletin. 

California. (See San Francisco, Sacramento, Berkeley, Mount Hamilton, 

and Mount Wilson.) 
Cambridge — 
T.p, Harvard University, 

Harvard College, Museum of Comparative Zoology, Memoirs. — Bulletins. 
— Annual Reports. 
T.p. Astronomical Observatory, Annals. — Annual Reports, 
p. The Editor, American Naturalist. 

p. Chapel Hill (North Carolina). — E, Mitcliell Scientific Society. Journal. 

Chicago — 
T.p. Field Columbian Museum. Publications: Geological Series; Botanical 

Series ; Zoological Series ; Anthropological Series. — Annual Reports, 
p. University of Chicago, 

T.P. Terkes Observatory (University of Chicago), Publications. — Bulletin. — 

Reports, 
p. Academy of Sciences, Bulletins. — Bulletins of the Natural History Survey. 

Cincinnati — 
p. Observatory, 

p. Society of Naturcd History. 

p. Ohio Mechanics' Institute. 



1 
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T.p. Clbvblamd (Ohio). — The Geological Society of America, Bulletins. 
T.p. Clinton (Iowa). — Litchfield ObiterDatoryy Hamilton College, 

Colorado Springs. — Colorado College. Colorado College Studies. Vol. XI., 
pp. 191-327. 8vo. (Presented,) 

Columbia (Missouri) — 

Laws Observatory {University of Missouri), Bulletin, No. 6. 1906. 4to. 

{Presented.) 
p. GoNNBCTicuT. — Connecticid Academy of Arts and Sciences, Transactions, 
p. Davenport. — Academy of Natural Sciences, Proceedings, 
p. Dbnvkr (Colorado). — Scientific Society of Colorado, Proceedings. 
T.p. Dbs Moines (Iowa). — lotoa Academy of Sciences, 
T.p. Granville (Ohio). — Denison University and Scientific Association. Bulletin of 

the Scientific Laboratories, 
p. Indianopolis. — Indiana Academy of Sciences, Proceedings. 

Iowa City — 
p. Geological Survey. Annual Reports, 

p. State University. Lahoratories of Naiurcd History, 

Iowa. {See Des Moinks.) 

Ithaca (N.Y.)— 
p. The Editor, Physical Review, (Cornell University.) 

p. The Editors, Journal of Physical Chemistry, (Cornell University.) 

t.p. Lawrence (Kansas). — University of Kansas, Science Bulletin (University 

Quarterly). 
p. Lincoln (Nebraska). — The University of Nebraska. Agricultural Experiment 
Station. Bulletins. 

Madison — 
T.p. WiscoTisin University, Washburn Observatory, Observations, 
p. Wisconsin Academy of Sciences^ Arts, and Letters, 

p. Geological and Natural History Survey, Bulletins. {Economic Series.) 

p. MASSACHUSETT8.-^Tw/f« College Library. Tufts College Studies. 
p. Meriden (Conn.). — Meriden Scientific Association. 

Minneapolis (Minn.) — 
p. Geological and Natural History Survey (f Minnesota, 

p. Botanical Survey. 

Missouri. {See St Louis, Rolla, and Columbia.) 
p. Mount Hamilton (California). — Lick Observatory, Bulletins. 
T.p. Mount Wilson (California). — Solar Observatory of the Carnegie Institution. 

Contributions. — Reports. 
T.p. Newhaven (Conn.) — Yale College. Astronomical Observatory of Yale University. 

Transac ti ons. — Reports. 
p. New Orleans. — Academy of Sciences, 

New York — 
T.p. American Mathematical Society. Bulletins. — Transactions, 
p. American Museum of Natural History. Bulletin. — Memoirs. — American 

Museum Journal. — Annual Reports. — Anthropological Papers, 
p. American Geographical Society. Bulletin, 

p. American Institute of Electrical Engineers. Transactions. — Proceedings. 
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New York — continued — 

International Congress of Americanists. 1 3th Session, Kew York, 1902. 

Easton, Pa., 1905. 8vo. (From the American Museum.) 
Nbw York. {See also Albany.) 
Philadelphia — 
T.p. American Philosophical Society for Promoting Useful Knowledge, Proceedings. 

— Transactions. — The Record of the Celebration of the 200th Anniversary 

of the Birth of Benjamin Franklin, held 17th to 20th April 1906. 4 to. 

1906. 
T.p. Academy of Natural Sciences, Proceedings. — Journal. 
T.p. University of Pennsylvania. Publications : — Philology, Literature, and 

Archaeology, Mathematics. Contributions from the Zoological Laboratory. 

University Bulletins. — Theses. — Calendar. 
T.p. Geological Survey of Pennsylvania, 
p. Warner Free Institute of Science, 

p. Geographical Club, Bulletin, 

p. Commercial Museums, 

p. Portland (Maine). — Society of Natural History, 
p. Rochester. — Academy of Science. Proceedings. 
T.p. Rolla (Miss.). — Bureau of Geology and Mines. Biennial Reports, 
p. Sacramento (California). — State Mining Bureau, 
T.p. Salhm. — The Essex Institute, The Physical Geography, Geology, Mineralogy, 

and PalsBontology of £ssex County, Mass. By John H. Sears. 4to. 1905. 
Saint Louis — 
T.p. Academy of Sciences, Transactions, 
p. MissoxiH Botanical Garden, Annual Reports. 

T.p. San Francisco (California). — Academy of Sciences, Proceedings. 3rd Series 

(Botany, Geology, Zoology, Math.-Phys.). 
p. ToPEKA. — Kansas Academy of Science, Transactions, 
p. Trenton. — New Jersey Natural History Society, 

Washington — 
T.p. U,S, National Academy of Sciences, Memoirs. 
T.p. Bureau of Ethnology, Annual Reports. — ^Bulletins. 
T.p. U,S, Coast and Geodetic Surf)ey. Annual Reports. 
T.p. U,S, Commission of Fish and Fisheries, Reports. — Bulletins. 
T.p. U,S. Naval Observatory, Reports. — Observations. (N.S.) 
T.p. U,S. Geological Survey, Bulletins. — Annual Reports. — Monographs. — 

Geologic Atlas of the United States. — Mineral Resources. — Professional 

Papers. — Water Supply and Irrigation Papers. 
T.p. Weather Bureau, (Department of Agriculture,) Monthly Weather Review. 

— Bulletins. — Reports. 
T.p. Smithsonian Institution, Miscellaneous Collections. — The same (Quarterly 

Issue). — Contributions to Knowledge. — Reports. 
T.p. Surgeon-GeneraVs Office, Index to Catalogue of the Library, 2nd Series. 

Vol. XL (Mo—Nystrom). 1906. 4to. 
T.p. Carnegie Institution of Washington, Year-Books. — Publications, Nos. 6, 8, 

22, 32-38, 40-42, 44-54, 56, 58-62, 65, 68, 69, 71-72, 76. {See under 

Donations from Authors.) 
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Washington — continued, 
T.p. American Association for the Adwincefment of Science, 
p. Philosophical Society. Bulletin. 

p. U.S. National Museum. Bulletins. — Reports.— Proceedings, 

p. Department of Agriculture, {Division of Economic Ornithology and 

Mammalogy,) 
p. U.S. Patent Office, 

Washington Academy of Sciences. Proceedings. Vols. VII I.-IX. 1906-07. 

8vo. {Presented.) 
Bureau of Standards. Department of Commerce and Labour. Bulletin. 
Vol. I., 3 ; II., 1, 2. 1907. 8vo. {Presented.) 
Wisconsin. {See Madison.) 

VICTORIA. {See AUSTRALIA.) 



II. Donations from Authors. 

Abbott (Charles C), M.D. ArchsBologia Nova Csesarea. 1907. Trenton, 1907. 8vo. 
Aberdeen University Quatercentenary publications: — Handbook to City and 

University. Parti. University. By Robert Walker, M. A. Part II. The City. 

By A. M. Munro, City Chamberlain. Aberdeen, 1906. 8vo. 
Studies in Pathology written by Alumni to Celebrate the Quatercentenary of 

the University of Aberdeen and the Quarter-centenary of the Chair of Pathology 

therein. Edited by Wm. Bulloch, M.D. Aberdeen, 1906. 4to. 

Roll of the Graduates of the University of Aberdeen, 1860-1900. By CoL 



Wm. Johnston, C.B. Aberdeen, 1906. 4to. 
Adams (F. D.), and £. G. Coker. An Investigation into the Elastic Constants of 

Rocks, more especially with reference to Cubic Compressibility. {Carnegie 

Inst, Pub,, No. 46.) Washington, 1906. Bvo. 
Africa, Geodetic Survey of South Africa. Vol. III. Report on the Geodetic Survey 

of Part of Southern Rhodesia executed by Mr Alex. Simms, under the direction 

of Sir David Gill. Cape Town, 1905. 4to. {From the British South Africa 

Company,) 
Report on the Boundary Survey between British Bechuanaland and German 

S.W. Africa. Executed by Lt.-Col. La£fan and Lieut. Wettstein, and later 

Oberlieutenant Doering. Berlin, 1906. 4to. 
Atwater (W. O.), and F. G. Benedict. A Respiration Calorimeter with appli- 
ances for the Direct Determination of Oxygen. {Carnegie Inst, Pub,, No. 42.) 

Washington, 1905. 8vo. 
Balch (Edwin S.). Comparative Art. Philadelphia, 1906. 4to. 
Balfour (Andrew), M.D. Second Report of the Wellcome Research Laboratories at 

the Gordon Memorial College, Khartoum. Khartoum, 1906. 4to. 
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Barus, Carl. The Nucleation of the Uncontaminated Atmosphere. {Carnegie Inst. 
Pub,, No. 40.) Washington, 1906. 8vo. 

Condensation of Vapour as induced by Nuclei and by Ions. {Gamegie 

In$t. Pub., No. 62.) Washington, 1907. 8vo. 
Beekmau (£. H. M.). Geschiedenis der Systematisohe Mineralogie. VGraven- 

hage, 1906. 8vo. 
Belgica : — Expedition Antarctique Beige. R^sultats du Voyage du S. Y. Belgica en 
1897-1898-1899, sous le commandement de A. de Gerlache de Gomery. 
Rapports Scientifiques. 
Zoologie : — G^tac6s, par £mile G. Racovitza. 
— — ^ Myriapodes, par C. Attems. Collemboles, par V. Willems. 
• - - Acariens Libres, par E. Trouessart et A. D. Michael Acariens Parasite, par 
L, G. Neumann. Araign^es et Faucheurs, par E. Simon. 

Mollusques (Amphineures, Qastropodes et Lamellibranches), par Paul 

Pelseneer. Cephalopodes, par L. Joubin. 

Seesterne, von Dr Hubert Ludwig. 

NiSmatodes Libres, par le Dr J. G. De Man. 

-- - Bryozoa, by Arthur Wm. Waters. 

. Hydroiden, von Prof. Dr-C. Hartlaub. 

• Nemertinen, von Dr Otto Burger. 
— PoissonSy par Louis Dollo. 

- - Organogdnie des PinnipMes. I. : Les Extr^mit^s, par. H. Leboucq. 

— Madreporaria und Hydrocorallia, von Emil von Marenzeller. Actinarien, 
von Oskar Carlgren. 
Copepoden, von Dr W. Giesbrecht. An vers, 1902-04. 4to. 



Botanique : — Lichens, par Ed. A. Wainio. 

Champignons, par M"®* E. Bommer et M. Rousseau. 

1^8 PhancSrogames des Terres Magellaniques, par E. de Wildeman. Anvers, 

1903-05. 4to. 
M^ti^orologie : — Rapport sur les Observations M^t^orologiques. 
■ - Ilorairos, par Henryk Arctowski. 
— ^ La Neige et le Givre, par A. Dobrowolski. 



- Olweivations des Nuages, par A. Dobrowolski. An vers, 1903-04. 4to. 



Travaux Ilydrographiques et Instructions Nautiques: par G. Lecointe ; 1st 

Fasc. Auvers, 1905. 4to. Cartes. 
liell (0. A.). Manual of Colloquial Tibetan. Calcutta, 1905. 8vo. 
Benedict (F. (i.). See Atwater (W. C). 
Uritish Offioos Life Tables. 1893. Select Tables deduced from the Graduated 

Kxporienco on Whole-Life Assurances on Male Lives, London, 1907. 8yo. 
. Valuation Tables deduced from the Graduated Experience of Whole-Life 

Participating Assurances on Male Lives (0™ Table) at 2|-4^ per cent. London, 

1907. 8vo. {From the Joint Committee on Mortality Investigation of the 

Inatitute of Actuaries and Faculty of Actuaries in Scotland.) 
Brown (Hiohard), C.A. A History of Accounting and Accountants. Edinburgh,, 

1906. 8vo. 
Buddhism. An Illustrated Review. Vol. IL, No. 1. 8vo. 
Burnham (S. W.). Catalogue of Double Stars. Parts I. and IL {Carnegie Inst^ 

J^ub., No. 5.) Washington, 1906. 4to. 
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Carson (Thomas G.). Man's Responsibility; or How and Why the Ahnighty Intro- 
duced Evil upon the Earth. New York, 1906. 8vo. 

Castle (W. K), and Alexander Forbes. Heredity of Hair-length in Guinea-pigs, and 
its Bearing on the Theory of Pure Gametes. By W. E. Castle and Alexander 
Forbes. (Paper No. 5, Station for Experimental Evolution.) The Origin of 
a Polydactylous Race of Guinea-pigs. (Paper No. 6, Station for Experimental 
Evolution.) By W. E. Castle. {Carnegie Inst. Pub,, No. 49.) Washington, 

1906. 8vo. 

Channel Tunnel. Reports by British and French Engineers. Papers on National 
Defence. By Gen. Sir Wm. Butler, G.C.B., and Maj.-Gen. Sir A. E. 
Turner, K.C.B., and Vice-Admiral Sir Chas. Campbell, K.C.M.G. London, 

1907. 4to. 

Coblentz (W. W.). Investigations of Infra-red Spectra. Parts I.-IV. (Carnegie 

Inst. Pub., Nos. 35 and 65.) Washington, 1905. 8vo. 
Coker (E. G.). See Adams (F. D.). 

Currie (James), M.A. The Fasroe Islands. Edinburgh, 1906. Svo. 
Davenport (C. D.). Inheritance in Poultry (Station for Experimental Evolutions, 

Paper No. 7). (Carnegie Inst. Pub., No. 52.) Washington, 1906. Svo. 
Dean (Bashford). ChimaBroid Fishes and their Development. (Carnegie Inst. Pub., 

No. 32.) Washington, 1906. 4to. 
Dorsey (G. A.). Traditions of the Caddo. (Carnegie Inst. Pub., No. 41.) Wash- 
ington, 1905. Svo. 
The Pawnee: Mythology. (Carnegie Inst. Pub., No. 69.) Washington, 

1906. Svo. 
Earthquake, California. State Earthquake Investigation Commission Preliminary 

Report. Berkeley, 1906. 4to. 
Farlow (W. G.). Bibliographic Index of North American Fungi. Vol. I. (Carnegie 

Inst. Pub,, No. S.) Washington, 1905. Svo. 
Ferguson (John). Bihliotheca Chemiea : A Catalogue of the Alchemical, Chemical, 

and Pharmaceutical Books in the Collection of the late James Young of Kelly 

and Durris, Esq., LL.D., F.R.S., F.R.S.K \oU. I., II. (From Dr KtUj/'s 

Trustees.) Glasgow, 1906. 4 to. 
Fumess (Caroline B.). Catalogue of Stars within two Degrees of the North P(^e, 

deduced from Photographic Measures. (Carnegie Inst. Pub,, No. 45.) 

Washington, 1905. Svo. 
Galileo. Le Opere di Galileo Galilei. Edizione Nazionale sotto gli auspicii di na 

Maesti il re dltalia. Tom. XVIL-XIX. Trent Anni di Studi Gfilileiani, 

per Antonio Favaro. 1906-07. Firenze. 4to. (Frr/m the Minister of Pw.iu: 

Instruction of Italy.) 
(xoppelsroeder, Friedrich. Anregung zum Studium der auf Capillariuts- »2.i 

Adsorptionserscheinungcn bembenden CapillaranalyHe. Basel, 1906. 8to. 
Guppy (H. R). Observations of a Naturalist in the Pacific between 18C*^». 

Vol. II. : Plant-Dispersal, London, 1906. Svo. 
Haeckel (Ernst). Last Words on Evolution : a Popular Ketrofcjject and .S':ii.i:Lir7. 

Translated from the 2nd Ed. by Joseph M*Ca>ie. London, 1906. 8to. 
Prinzipien der generellen Morp>hologie der Organismen. Berliiu K-'>S, 

Svo. 

Hamilton, Frauds (once Buchansn). A Sketch of the Life ol , , . vjoAf^xbt 
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SuperliiteDdent of the Hon. Company's Botanic Garden, Calcutta. (By Lt- 

Col. D. Plain.) Calcutta, 1905. 4 to. 
Harper (R. A.). Sexual Reproduction and the Organisation of the Xucleus in 

certain Mildews. {Carnegie Inst. Fub., No. 37.) Washington, 1905. 8vo. 
Hasse (Adelaide R). Index of Economic Material in Documents of the States of 

the United States. Maine, 1820-1904. {Carnegie Inst. Pub., No. 85.) 

Washington, 1907. 4to. 
Henderson Trust Reports. No. I. July 1905. Anthropometric Survey of the 

Inmates of Asylums in Scotland. By J. F. Tocher. Edinbu^h, 1905. 

4to. 
HiU (George William). CoUected Mathematical Works. Vol. lY. {Carnegie Inst. 

Pub,, No. 9.) Washington, 1907. 4to. 
Huygen (Frederic Constant). Over de Exhaust- Werking bij Locomotieyen. Delft, 

1906. 4to. (Proefschrift van de Technische Hoogeschool te Delft) 
Jones (Harry C). Hydrates in Aqueous Solution. {Carnegie Inst. Pub., No. 60.) 

Washington, 1907. 8vo. 
Jonghe (M. Edouard de). Le Calendrier Mexicain. Essai de Synth^ et de 

Coordination. 1906. 8vo. 
Lange (Gunnar). The River Pilcomayo from its Discharge into the River Paraguay 

to Parallel 2T S. Text and Maps. Buenos Aire.-*, 1906. 4 to and Fol. 
livi (Ridolfo). Antropometria militare, risultati otteiiuti dallo spoglio dei fogli 

sanitarii delle classi 1859-63, eseguito d'ordine del Ministero della Guerra. 

Incaricato della divizione dei lavori Dr Ridolfo Livi. 3 vols. Roma, 1896- 

1905. 4to. {From the Italian Minister of War.) 
Livingston (Burton E.). The Relation of Desert Plants to Soil Moisture and to 

Evaporation. {Carnegie Inst. Pub., No. 50.) Washington, 1906. 8vo. 
MacCurdy (Hansford), and W. E. Castle. Selection and Cross-breeding in Belation 

to the Inheritance of Coat Pigments and Coat Patterns in Rats and Guinea 

pigs. {Carnegie Inst. Pub., No. 70.) Washington, 1907. 8vo. 
McLaughlin (A. C). Report on the Diplomatic Archives of the Department of 

State, 1789-1840. (Revised Ed.) {Carnegie Inst. Pub., No. 22.) Washing- 
ton, 1904. 8vo. 
Writings on American History, 1903. {Carnegie Inst. Pub., No. 38.) 

Washington, 1905. 8vo. 
Mayer (A. G.). Pulsation of Scyphomedus®. {Carnegie Inst. Pub,, No. 47.) 

Washington, 1906. 8vo. 
Monaco (S. A. Albert 1^, Prince de). R^ultats des Campagnes Scientifiques accom- 

plies sur son Yacht. Fasc. XXXII. Monaco, 1 906. 4 to. 
Morse (A. P.). Researches on North American Acridiidse. Part 11. {Carnegie 

Inst. Pub., No. 68.) Washington, 1907. 8vo. 
Miiller (W. Max). Egyptological Researches. (Carnegie Inst. Pub., No. 53.) 

Washington, 1906. 4to. 
Newcomb (Simon). Investigation of Inequalities in the Motion of the Moon pro- 
duced by the Action of the Planets. {Carnegie Inst. Pub., No. 72.) Wash- 
ington, 1907. 4to. 
Norwegian North Polar Expeditions, 1893-1896. Scientific Results. Ed. by 

Fridtjof Nansen. Vol. V. Christiania, 1906. 4to. {From the Council of the 

Fridtjof Nansen Fund.) 



1906-7.] Donations to the Library. 41 S 

OlAn (J. W. Th.). Trisectio Arcu» et Anguli. Gothenburg, 1906. 4to. 
Parkhurst (J. A.). Researches in Stellar Photometry. {Carnegie Inst, Pub,, No. 33.) 

Washington, 1906. 4to. 
Pearl (Raymond). Variation and Differentiation in Ceratophyllum. {Carnegie Inst 

Pub,, No. 58.) Washington, 1907. 8vo. 
Pochmann (Em.). " Warme ist nicht Kalte, und Kalte ist nicht Warme." Linz,. 

1890. 8vo. 
Ueber zwei neue und zwar dynamicale, durch innere actuelle Energie 

wirkende Eigenschaften der atmospharisohen Luft. Linz, 1896. 
Pratt (Edwin A.). Licensing and Temperance in Sweden, Norway, and Denmark. 

London, 1907. 8vo. 

The Licensed Trade : an Independent Survey. London, 1907. Svo. 

Richards (T. W.), and G. S. Forbes. The Energy Changes involved in the Dilution 

of Zinc and Cadmium Amalgams. {Carnegie Inst, Pub,, No. 56.) Washington,- 

1906. 8vo. 
and G. E. Behr. The Electromotive Force of Iron under Varying Condi- 
tions and the Eflfcct of Occluded Hydrogen. {Carnegie Inst, Pub,, No. 61.) 

Wasliington, 1906. 8vo. 

The Compressibilities of the Elements, and their Periodic Relations. 



{Carnegie Inst, Pub,, No. 76.) Washington, 1907. 8vo. 

Further Researches concerning the Atomic Weights of Potassium, Silver, 



Chlorine, Bromine, Nitrogen, aud Sulphur. By T. W. R., in collaboration with 

Arthur Stachler, G. S. Forbes, Edward Mueller, and Grinnell Jones. {Carnegie 

Inst. Pub,, No. 69.) Washington, 1907. 8vo. 
Riefler (Dr S.). Zeitiibertragung durch das Telephon. Elektrische Femeinstellung 

von Uhren. Mlinchen, 1906. 4to. 
St Louis Exhibition. Report of his Majesty's Commissioners for the International 

Exhibition, St Louis, 1904. London. 8vo. {Presented by Royal Commission, 

St Louis Exhibition, 1904). 
St Louis International Exhibition, Royal Commission, 1904. The British Section. 

Compiled by Sir Isidore Spielmann, F.S.A. 1906. 4to. 
Samuel (John S.). Scottish History : its Importance as a Scientific Study and its 

Place in the Curriculum of Scottish Schools. Edin., 1907. 8vo. 
Scripture (E. W.). Researches in Experimental Phonetics : The Study, of Speech 

Curves. {Carnegie Inst, Pub,, No. 44.) Washington, 1906. 4to. 
Seler (Eduard). Codex Borgia. Eine altmexicanische Bilderschrift der Bibliothek 

der Congregatio de Propaganda Fide. Band 11. Berlin, 1906. 4to. {From 

his Excellency the Duke of Loubat,) 
Stead (David G.). Fishes of Australia : A Popular and Systematic Guide to the 

Study of the Wealth within our Waters. Sydney, 1906. 8vo. 
Stevens (N. M.). Studies in Spermatogenesis, with especial reference to the 

"Accessory Chromosome," 2 parts. {Carnegie Inst, Pub,, No. 36.) Washing- 
ton, 1905-06. 8vo. 
Studies on the Germ Cells of Aphids. {Carnegie Inst, Pub,, No. 51.) 

Washington, 1906. 8vo. 
Stevenson (J. J.). The Carboniferous of the Appalachian Basin. Washington,. 

1903-07. 8vo. 
Thunaton (Edgar). Ethnographic Notes in Southern India. Madras, 1906. Svo. 
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Tower (W. L.). An Investigation of Evolution in Chrysomelid Beetles of the 

Genus Leptinotarsa. {Station for Experimental Evolution Paper, No. 4.) 

{Carnegie Inst. Fab,, No. 48.) Washington, 1906. 8vo. 
Uhler (H. S.), and R. W. Wood. Atlas of Absorption Spectra. {Carnegie Inst. 

Pub.y No. 71.) Washington, 1907. 4to. 
Upton (Charles B.). Dr Martineau's Philosophy : A Survey. Revised Edition. 

{Pi'esented by the M^ Quaker Trusteea.) London, 1905. Svo. 
Verbeek (R. D. M.). Description G^ologique de Tile d* Ambon. Batavia, 

1905. Svo. 

Atlas. Batavia, 1905. Fol. 

Weights and Measures. Report by the Board of Trade on their Proceedings and 

Business under the Weights and Measures Acts. 
Wieland (Q. R). American Fossil Cycads. {Carnegie Inst. Pub., No. 34.) 

Washington, 1906. 4to. 
Willis (Bailey). Research in China. Parts I. and II. (with Atlas). {Carnegie 

Inst. Pub., Nos. 53, 64.) Washington, 1907. 4to. 
Wilson (Wright). The Life of George Dawson, M.A., Glasgow. 2nd Ed. 

Birmingham, 1905. Svo. 
Zollinger (Dr Edwin). Zwei Flussverschiebungen im Bemer Oberland. Basel, 

1892. 4to. 



list of Periodicals and Annual Publications added to the 

Library by Purchase. 

Academy. 

Acta Mathematica. 

American Journal of Science and Arts. 

Naturalist. (Presented.) 

Journal of Mathematics. {Presented.) 

Chemical Journal. {Presented.) 

Journal of Philology. {Presented.) 

Anatomischer Anzeiger. 

Erganzungshefte. 

Annalen der Chemie (Liebig's). 

der Physik. {Presented.) 

der Physik. (Beiblatter.) {Presented.) 

Annales de Chimie et de Physique. 

d'Hygifene Publique et de M^decine Legale. 

des Sciences Naturelles. Zoologie et Pal^ontologie. 

des Sciences Naturelles. Botanique. 

Annals and Magazine of Natural History (Zoology, Botany, and Geology). 

of Botany. 

of Mathematics. 

Annuaire du Bureau des Lougitudes. 
Anthropologie (L'). 

Archiv fiir Naturgeschichte. 
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Archiv for Mathematik og Naturvidenskab. (Presented.) 

Archives de Biologie. 

de Zoologie Exp^rimentale et Gr^n^rale. 

des Sciences Biologiques. (Presented.) 

des Sciences Physiques et Naturelles. 

Italiennes de Biologie. 

Arkiv for Matematik, Astrouomi och Fysik. (Presented,) 

for Kemi, Mineralogi och Geologi. (Presented.) 

' — for Botanik. (Presented.) 

for Zoologi. (Presented.) 

Astronomische Nachrichten. 
Astrophysical Journal. 
AthensBum. 

Bericht iiber die Wissenschaftlichen Leistungen in der Naturgeschichte der niederen 

Thiere. Begriindet von B. Leuckart. 
Biblioth^ue Universelle et Hevue Suisse. 
Biologisches Centralblatt. 
Blackwood's Magazine. 

Bollettino delle Pubblicazioni Italiane. (Presented.) 
Bookman. 

Botanische Zeitung. 
Botanischer Jahresbericht (Just's). 
Botanisches Centralblatt. 

Beiheft. 

Bulletin Astronomique. 

des Sciences Math^matiques. 

Mensuel de la Society Astronomique de Paris. 

Centralblatt fiir Bakteriologie und Parasitenkunde. 

fiir Mineralogie, Geologic und Palaeontologie. 

Ciel et Terre. 

Contemporary Review. 

Dingler's Polytechnisches Journal. 

Edinburgh Medical Journal. 

■ Review. 

Electrical Engineer. (Presented.) 

Electrician. (Presented.) 

English Mechanic and World of Science. 

Flora. 

Fortnightly Review. 

Gazette M^dicale d'Orient. (Presented.) 

Geological Magazine. 

Gottingsche Gelehrte Anzeigen. 

Indian Antiquary. 

Engineering. (Presented.) 

Interm^diaire (L') des Math^maticiens. 

Jahrbucher fiir Wissenschaftliche Botanik (Pringsheim). 

Jahresbericht iiber die Fortschritte der Chemie und verwandter Theile anderer 
Wissenschaft. 
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Journal de Conchyliologie. 

de Math^matiques Pures et Appliqu^es. 

de Pharmacie et de Ghimie. 



- des Sayants. 

- filr die Beine und Angewandte Mathematik (Crelle). 

- fiir Praktische Chemie. 

- of Anatomy and Physiology. 

- of Botany. 

- of Pathology and Bacteriology, 
of Physical Chemistry. {Presented,) 



Mathematische und Naturwissenschaftliche Berichte aus Ungarn. {Presented,) 

Mind. 

Mineralogische und Petrographische Mittheilungen (Tschermak's). 

Monist. 

Nature. {Pressfnied). 

(La). 

Neues Jahrbuch fiir Mineralogie, Geologic, und Paleeontologie. 

— ^ Beilage. 

Nineteenth Century. 

Notes and Queries. 

Nuova Notarisia (De Toni). 

Nuovo Cimento ; Giornale di Fisica, Chimica e Storia Naturale. 

Nyt Magazin for Naturvidenskaberne. {Presented,) 

Observatory. 

Page's Weekly. An Illustrated Newspaper devoted to the Engineering, Shipbuilding, 

Iron and Steel Trades. {Presented.) 
Petermann's Mittheilungen aus Justus Perthes' Geographischer Anstalt. 
Philosophical Magazine. (London, Edinburgh, and Dublin.) 
Physical Review. {Presented,) 
Quarterly Journal of Microscopical Science. 
Quarterly Review. 

Revue G^n^rale des Sciences Pures et Appliqu^es. 
Revue Philosophique de la France et de T^tranger. 
Revue Semestrielle des Publications Math^matiques. {Presented,) 

Politique et Litt^raire. (Revue Bleue.) 

Scientifique. (Revue Rose.) 

Saturday Review. 

Science. 

Science Abstracts. {Presented,) 

Times. 

Zeitschrift fiir die Naturwissenschaften. 

fiir Krystallographie und Mineralogie. 

fiir Wissenschaftliche Zoologie. 

Zoological Record. 

Zoologische Jahrbticher. Abtheilung fiir Anatomie und Ontogenie der Thiere. 

Abtheilung fUr Systematik, Geographic und Biologie der Thiere. 

Zoologischer Anzeiger. 
' Jahresbericht. 
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New English Dictionary. Ed. by Dr J. A. H. Murray. 

Thesaurus Linguae Latinas, editus auctoritate et consilio Academiarum quinque 

Germanicarum, Berolinensis, Gottingensis, Lipsiensis, Monacensis, Yindo- 

bonensis. 
Encyclopadie der Mathematischen Wissenschaften. Leipzig. Svo. 
Egypt Exploration Fund. Publications. (Archaeological and Annual Reports, 

Memoirs, Grseco-Roman Branch.) 
Palseontographical Society's Publications. 
Ray Society's Publications. 
Ergebnisse der in dem Atlantischen Ocean von Mitte Juli bis Anfang November 

1889 ausgefUhrten Plankton-Expedition der Humboldt Stiftung. Herausge- 

geben von Victor Hensen. 
Fauna und Flora des Golfes von Neapel und der angrenzenden Meeres-Abschnitte. 

Herausgegeben von der Zoologischen Station zu Neapel. 
Manual of Conchology, Structural and Systematic. By Geo. W. Tryon, continued by 

Henry A Pilsbry. 
International Catalogue of Scientific Literature. Published for the International 

Council by the Royal Society. London. 8vo. 
English Catalogue of Books. 

Monthly Additions to University Library. Edinburgh. 8vo. (Presented,) 
Oliver and Boyd's Edinburgh Almanac. 
Whitaker's Almanac. 

Who's Who : An Annual Biographical Dictionary. 

Year- Book of the Scientific and Learned Societies of Great Britain and Ireland. 
Minerva. Jahrbuch der Gelehrten Welt. Herausgegeben von Dr K. Triibner. 
Edinburgh and Leith Directory. 
Medical Directory. 
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ABSTRACT 

OF 

THE ACCOUNTS OF JAMES CURRIE, ESQ., 

As Treasurer of the Royal Society of Edinhwrgh. 
SESSION 1906-1907. 



I. ACCOUNT OP THE GENERAL FUND. 

CHARGE. 

1. Arrears of Contributions at Ist October 1906 . £198 9 

Less Contribution included in Commutation Fees . 3 3 



2. Contributions for present Session : — 

1. 162 Fellows at £2, 2s. each £340 4 

137 Fellows at £3, 3s. each 431 11 



£195 6 



£771 15 



Less 2 Contributions included in 

Commutation Fees 6 6 



£765 9 



2. Fees of Admission and Contributions 

of twenty new Resident Fellows at 

£5, 5s. each 105 

3. Fees of Admission of ten new Non- 

Resident Fellows at £26, 5s. each . 262 10 

4. Commutation Fees in lieu of Future 

Contributions of 2 Fellows . 67 14 6 



3. Interest received — 

Interest, less Tax .... £372 14 2 
Annuity from Edinburgh and District 

Water Trust, less Tax . 49 17 6 



1200 13 6 



422 11 8 

4. Society's Transactions and Proceedings sold 73 16 10 

5. Annual Grant from Government 600 



Amount of the Charge £2492 8 
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Abstract of Accounts. 



419 



DISCHARGE. 

1. Rent of Society's Apartments for Year, less Tax 

2. 'Insurance, Gas, Electric Light, Coal, Water, etc. :• 

Insurance £10 13 



Gas 

Electric Light 

Coal 

Water 

Income Tax 

3. Salaries: — 

General Secretary 
Librarian . ^ 
Assistant Librarian 
Office Keeper . 
Doorkeeper 
Treasvirer's Clerk 



4. Expenses of Transactions : — 

Neill & Co., Ltd., Printers 

Do. (Ben Nevis) 

M'Farlane & Erskine, Lithographers 
W. & A. K. Johnston, Ltd., do. 
Hislop & Day, Engravers 
A. S. Huth, do. 

Orrock & Son, Bookbinders . 

5. Expenses of Proceedings : — 

Neill & Co., Ltd., Printers 
M'Farlane & Erskine, Lithographers 
W. & A. K. Johnston, Ltd., do. 
Hislop & Day, Engravers 

6. Books, Periodicals, Newspapers, etc. : — 

Otto Schvdze & Co., Booksellers 
James Thin, do. 

R. Grant & Son, do. 

Eegan Paul & Co., do. 
Wm. Green & Sons, do. 
Litemational Catalogue of Scientific 

Literature 

Robertson & Scott, News Agents . 

Orrock & Son, Bookbinders 

Post Office Directory 

Egypt Exploration Funds, Subscription 

Ray Society, do. 

Palffiontographical Society, do. 

Journal de Conchyliologie 



1 
2 
4 
2 
15 



4 

13 

17 

2 






9 
6 






£100 
160 
54 
35 
12 
25 







3 4 









£333 15 7 

58 8 

98 8 6 

3 6 

11 17 3 

35 

74 2 



£310 13 3 

13 19 2 

2 

1 7 10 



£132 5 10 

48 3 8 

10 14 

2 5 4 

1 11 



17 
3 7 



31 

3 
1 
1 



6 
7 
3 
1 
1 



15 





3 
6 







£286 



36 10 3 



376 3 4 



614 14 6 



328 3 



252 19 7 



Carry forward 



£1893 7 11 
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DISCHARGE— oon^mued 



Brought forward 



. £1893 7 11 



7. Other Payments : — 



Neill & Company, Ltd., Printers 
R. Blair & Son, Confectioners 
Lantern Exhibitions, etc., at Lectures 
Expenses of Deputation to London to 

Government 

Lindsay, Jamieson & Haldane, Auditors 

National Telephone Co 

Petty Expenses, Postages, Carriage, etc. . 



£84 15 6 
28 11 
14 15 10 



39 
6 

7 
85 



6 5 

6 

7 4 
5 9 



266 7 10 



8. Irrecoverable Arrears of Contributions written off 



8 8 



9. Arrears of Contributions outstanding at 1st October 
1907 :— 



Present Session 
Previous Sessions 



£110 5 
111 6 



221 11 



Amount of the Discharge 



£2389 14 9 



Amount of the Charge 



£2492 8 



Amount of the Discharge . 

Excess of the Ohajrge 



2389 14 9 



. £102 13 3 



Floating Balance due by the Society at 1st 

October 1906 £145 14 11 



Deduct Excess of the Charge as above 



102 13 3 



Floating Balance due by the Society at 1st 

October 1907 £43 1 8 



Being — 

Balance due to the Union Bank on Current 
Account 

Less Balance due by Treasurer, 



£45 6 8 
2 5 



£43 1 8 
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n. AOOOUNT OP THE KEITH FUND 



To 1st October 1907. 



CHARGE. 

1. Balance due by the Union Bank, and on hand at Ist 

October 1906 £88 4 6 

2. Interest Received: — 

On £896, 198. Id. North British Railway 
Company 3 per cent. Debenture 
Stock for year to Whitsunday 1907, 
less Tax £25 11 4 

On £211, 4s. North British Railway 
Company 3 per cent. Lien Stock for 
year to Lammas 1907, less Tax 6 4 

31 11 8 



£119 16 2 



DISCHARGE. 

1. Dr Thomas H. Bryce, money portion of 

Prize for 1903-1905 . . . . £47 5 8 

2. Alex. Eirkwood & Son, Engravers, for Gold 

Medal 16 



£63 5 8 



3. Balance due by the Union Bank at 1st 

October 1907 56 10 6 



£119 16 2 
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m. ACCOUNT OP THE NEILL FUND 



To l8t October 1907. 



CHARGE. 

1. Balance due by the Union Bank and on hand at 1st 

October 1906 £45 19 8 

2. Interest Received: — 

On £355 London, Chatham and Dover Railway Com- 
pany 4^ per cent. Arbitration Debenture Stock 
for year to 30th June 1907, less Tax 15 3 6 

£61 3 2 



DISCHARGE. 

NU. 

Balance due by the Union Bank at 1st 

October 1907 £38 7 11 

Dividend Warrants, uncashed . 22 15 3 



£61 3 2 
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IV. ACCOUNT OP THE MAKDOUQ A T ,T , BRISBANE 

FUND 

To l8t October 1907. 

CHARGE. 

1. Balance due at Ist October 1906 : — 

By the Union Bank of Scotland on 

Deposit Receipt .... £135' 

By the Union Bank of Scotland on 

Current Account and on hand . 38 15 8 



2. Interest Received on £365 Caledonian 
Railway Company 4 per cent. Con- 
solidated Preference Stock No. 2 for 
year to 30th June 1906, less Tax . £13 17 4 

On Deposit Receipt with Union Bank 7 10 3 



DISCHARGE. 

1. Dr Jacob E. Halm, money portion of Prize 

for 1904-1906 £14 

2. Alex. Eirkwood & Son, Engravers, for Gold 

Medal 16 



3. Balance due by Union Bank of Scotland 
at 1st October 1907 :— 

On Deposit Receipt £135 
On Current Account 30 3 3 



£30 



165 3 3 



£173 15 8 



21 7 7 
£195 3 3 



£195 3 3 
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V. ACCOUNT OP THE MAKERSTOUN MAGNETIC 
METEOROLOGICAL OBSERVATION FUND 

To Ist October 1907. 



CHARGE. 

Sum on Deposit Receipt with the Union Bank of Scotland at 

1st October 1906 £197 2 5 

Interest on above 10 19 4 



£208 1 9 



DISCHARGE. 

Nil 

Above Sum on Deposit Receipt with the Union Bank of 

Scotland at 1st October 1907 £208 1 9 
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VI. ACCOUNT OP THE GUNNING-VICTORIA JUBILEE 

PRIZE FUND 

To let October 1907. 
(Instituted by Dr R. H. Gunning of Edinburgh and Rio de Janeiro.) 

CHARGE. 

1. Baxance due by Union Bank and on hand at 1st October 

1906 £45 17 10 

2. Interest received on £1000 North British Railway Com- 

pany 3 per cent. Consolidated Lien Stock for year to 

Lammas 1907, less Tax 28 10 



£74 7 10 



DISCHARGE. 



Nil 



Balance due by the Union Bank of Scotland on Current 

Account at 1st October 1907 £74 7 10 
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STATE OP THE FUNDS BELONGING TO THE 
ROYAL SOCIETY OP EDINBURGH 



Aa at \8t October 1907. 



1. GENERAL FUND- 



1. £2090, 9s. 4d. three per cent. Lien Stock of the North 

British Railway Company at 83 per cent., the 

selling price at 1st October 1907 .... £1735 1 9 

2. £8519, 14s. 3d. three per cent. Debenture Stock of 

do. at 84^ per cent., do 7231 2 1 

3. £52, 10a Annuity of the Eldinburgh and District 

Water Trust, equivalent to £875 at 170 per cent., 

do 1487 10 

4. £1811 four per cent. Debenture Stock of the 

Caledonian Railway Company at 112^ per cent., 

do . 2037 7 6 

5. £35 four and a half per cent. Arbitration Debenture 

Stock of the London, Chatham and Dover Railway 

Company at 115 per cent., do. .... 40 5 

6. Arrears of Contributions as per preceding Abstract 

of Accounts 221 11 

£12,752 17 4 

Deduct Floating Balance due by the Society as per 
preceding Abstract of Accounts . 43 1 8 

Amount £12,709 15 8 

Exclusive of Library, Museum, Pictures, and Furniture of the 
Society's apartments at the Royal Institution. 



2. KEITH FUND— 

1. £896, 19s. Id. three per cent. Debenture Stock of the 

North British Railway Company at 84^ per cent., 

the selling price at 1st October 1907 . . . £761 6 7 

2. £211, 4s. three per cent. lien Stock of do. at 83 

per cent., do 175 5 8 

3. Balance due by the Union Bank of Scotland 56 10 6 

Amount . . . £993 2 9 
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STATE OF FUKDS— continued. 

3. NBILL FUND— 

1. £355 four and a half per cent. Arbitration Debenture 

Stock of the London, Chatham and Dover Railway 
Company at 115 per cent., the selling price at 1st 
October 1907 £408 5 

2. Balance due by the Union Bank of Scotland 

(£38, 7s. lid.), and uncashed dividend warrants in 

hand (£22, 15s. 3d.) 61 3 2 

Amount . £469 8 2 



4. M A KDOUQ ALL-BRISBANE FUND— 

1. £365 four per cent. Consolidated Preference Stock 

No. 2 of the Caledonian Railway Company at 107^ 

per cent., the selling price at 1st October 1907 . £392 7 6 

2. Sum on Deposit Receipt with the Union Bank of 

Scotland 135 

3. Balance due by do. on Current Account 30 3 3 



Amount . £557 10 9 



6. MAKBR8TOUN MAGNETIC MBTBOROLOQIOAL OBSERVATION 

FUND— 

Sum on Deposit Receipt with the Union Bank of 

Scotland at Ist October 1907 .... £208 1 9 



6. GUNNING-VICTORIA JUBILEE PRIZE FUND— Instituted by Dr 
Gunning of Edinburgh and Rio de Janeiro — 

1. £1000 three per cent. Consolidated Lien Stock of the 

North British Railway Company at 83 per cent., 

the selling price at 1st October 1907 . . . £830 

2. Balance due by the Union Bank of Scotland on 

Current Account 74 7 10 



Amount . £904 7 10 



Edinburgh, ISth October 1907. — We have examined the six preceding 
Accounts of the Treasurer of the Royal Society of Edinburgh for Session 
1906-1907, and have found them to be correct. The securities of the 
various Investments at 1st October 1907, as noted in the above Statement 
of Funds, have been exhibited to us. 

LINDSAY, JAMIESON & HALDANE, 

Auditors. 
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VIDIMUS of ESTIMATED INCOME of THE GENERAL 

FUND FOR SESSION 1907-1908. 

1. Interest: — 

On £8519, 14s. 3d. Railway Debenture Stock at 3 

per cent £255 11 10 

On £2090, 9s. 4d. Railway Lien Stock at 3 per cent. . 62 14 4 

On £1811 Railway Debenture Stock at 4 per cent. . 72 8 8 

On £35 Railway Debenture Stock at 4J per cent. . 1 11 6 



2. Annuity from the Edinburgh and District Water Trust 



Ded/uct Income Tax at Is. per £ 



£392 


6 


4 


52 


10 





£444 


16 


4 


22 


4 


10 



£422 11 6 



3. Annual Contributions: — 

Of 164 Fellows at £2, 2s. each 
Of 139 Fellows at £3, 3s. each 

4. Annual Grant from Government 

5. Sales of Society's Transactions 



£344 8 
437 17 



782 5 



600 



30 



Total Estimated Income, £1834 16 6 



Exclusive of Fees of Admission and Contributions of New Fellows 

who may be admitted during the Year. 



INDEX. 




Aboriginals of the Northeni Territory of South 
Australia, by W. Ramsay Smith, 51-63. 

Aooounts of the Society, Session 1906-07, 418. 

Agar (W. E.). The Development of the An- 
terior Mesoderm, and Paired Fins, with their 
Nerves, in Lepidosiren and Proptopterus 
{TUle (mly), 876. 

Alloy, Heusler's Magnetic, by Alex. D. Ross, 
88-92. 

Anthropology and Ethnology of the Aboriginals 
of the Northern Territory of South Australia, 
by W. Ramsay Smith, 51-68. 

Ashworth (J. H. ). A Specimen of ffelix po)natia 
with Paired Male Organs, 312-881. 

Australia, South, Notes on Aboriginals of the 
Northern Territory of, by W. Kamsay Smith, 
51-63. 

Bailey (£. R.). See Kendall (P. F.). 

Bradley (0. Cbarnook). Craiiiometrical Obser- 
vations on the Skull of Equus prjevalskii and 
other Horses, 46-50. 

Brown (A. Orum), and T. F. Cowie. Prelimi- 
naryNote on the Action of Sodium £ thy late on 
Trichloromethyl-Sulphonio Chloride, 869-870. 

Brownlee (R. H.), and Alexander Smith. Pre- 
cipitated Sulphur, 808-811. 

Bryce (Thomas H.). Awarded Keith Prize for 
1908-05, 882. 

Campbell (Malcolm). The Effects of Diet on 
the Development and Structure of the Uterus, 
11-13. 

Clarke (F. W.). The Composition of the Red 
CUy, 167-171. 

The Composition of Terrigenous De- 
posits, 269-270. 

Conductivity (Electrical) of Lead Wires, Change 
produced in, by Permanent Stretching, by 
J. A. Donaldson and R. Wilson, 16-20. 

Cowie (T. F.). See Brown (A. Crura). 

Cunningham (Prof. D. J.). Exhibits Skeletons 
of Monkeys showing Effects produced by 
Improper Feeding, 875. 

The Evolution of the Eyebrow Region 

of the Forehead, with special reference to 
the significance of its Excessive Development 
in the Neanderthal Race {Title only), 880. 

Densimeter, Differential, by J. J. Manley, 211. 
Abnormal Behaviour of, by J. J. 

Manley, 220. 

Portable form, by J. J. Manley, 221. 

Density of Lead Wires, Change produced in, 

by Permanent Stretching, by J. A. Donaldson 

and R. Wilson, 16-20. 



Density of Standard Sea- Water, Determination 
of, by J. J. Manley, 214. 

Determinant, Minors of a Product, by T. Muir, 
79-87. 

Determinants. The Theory of Axisymmetric 
Determinants in the Historical Order of its 
Development up to 1860, by Thomas Muir, 
185-166. 

Diet, Meat. Effect of an Excessive Meat Diet 
on the Osseous System, by Chalmers Watson, 
2-5. 

Diet, the Effects of, on the Development and 
Structure of the Uterus, by Msdcolm 
Caranbell, 11-13. 

DoUo (Louis). Prymnothonus Hookeri, Poisson 
p^lagique de 1* " Erebus '* et de la ** Terror " 
retrouv6 par PExpedition Antarctique Nati- 
onale Ecossaise, 85-45. 

Donaldson (J. A.), and R. Wilson. Note on the 
Change produced in the Conductivity and 
Density of Lead Wires by Permanent Stretch- 
ing, 16-20. 

Ehrenfest (Paul). On the Partition of Heat 

Energy in the Molecules of Gases, 195- 

202. 
Electric Conductivity of Sea- Water, by E. 6. 

Hill, 288-248. 
Ellis (David). On the Discovery of a new 

Oenus of Thread • Bacteria {Spirpphyllum 

femigineum, Ellis), 21-34. 
Energy Partition in Vibrating Systems, by 

W. Peddie, 181-194. 
Equtts prjevaiskii, Craniometrical Observations 

on the Skull of, by 0. Charnock Bradley, 

46-50. 
Ewart (J. C. ). On Skulls of Horses from the 

Roman Fort at Newstead, near Melrose, 

with Observations on the Origin of Domestic 

Horses {Title only), 878. 
The Coat (}olour in Horses {Title only), 

876. 
Inbreeding in the Barbary Sheep {Ovis 

tragelaphus) and in the common Ooat [Capra 

hircus) {Title only), 878. 

On a Hybrid between Prejvalsky's 



Horse {Equus prejvalskii) and a Highland 
Vony {TUle mly), 882. 

Falconer (J. D.). The Geology of Ardrussan 

( TitU only), 876. 
Fellows, Honorary, Names of proposed, 881. 
Ordinary, elected during Session 1906- 

07, 378-885. 
Fertility, Effect of a Meat Diet on, by B. P. 

Watson, 6-10. 




